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Abstract
Over the last few decades, a tremendous growth has been seen in the wideband
high-frequency communication systems. In addition to other necessary requirements,
a compact size, high-efficiency antenna design with low conductor loss is mandatory
for enabling high data rate communication. In recent years, Dielectric Resonator
Antenna (DRA) has proven to be of exceptional low profile, light weight antenna,
which provide wide bandwidth with low dissipation loss compared with microstrip
antennas. The gain, bandwidth, and radiation characteristic of DRA can be improved
by using array instead of single element DRA. The radiation performance of DRA
array can be further enhanced by using log periodic technique.
With the growing demand of high speed data transfer and internet access, the
communication systems operating in the X, Ku, K and Ka-bands are becoming more
prevalent. In this thesis, some DRA array designs based on log periodic technique are
investigated experimentally for high frequency wideband applications such as X, Ku,
and NATO K-band (K and Ka band jointly known as NATO K-band).
The Log Periodic Dielectric Resonator Antenna (LPDRA) array relies on recent
developments of wideband DRA array and multi-frequency log periodic technique.
The design of LPDRA array is proposed to achieve significant multi-resonant wide
bandwidth, with low conductor loss for high frequency applications.
The present work deals with the design and analysis of some log-periodic DRA
with different feeding methods: Branch microstrip line fed LPDRA; Capacitive cou-
pled LPDRA; Electromagnetically coupled LPDRA and Nine elements LPDRA with
dielectric resonators of high relative permittivity as well as with low relative permit-
tivity material.
An assay on k-β diagram has also been presented to verify the propagation char-
acteristics of the designed LPDRA array.
The proposed LPDRAs offer continuous operation over a wide bandwidth. It pro-
vides high efficiency with low cross polarization level and sufficient gain for practical
applications. Due to the inherited advantages of Log Periodic DRA array over single
DRAs, the LPDRA designs can have applications at microwave and millimetre wave
communication like satellite and radar systems.
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CHAPTER 1
Introduction
“Wireless communication has turned imagination of past research ideas
into today’s reality”. Many new applications, such as automated highways and
factories, wireless sensor networks, remote telemedicine etc., have emerged in this area
recently. It is the fastest growing section of the communication industry. Wireless
systems have become part of everyday life in most of the countries, around the world
and are superseding the existing wireless systems in companies, homes and campuses
[1].
Wireless networks were first developed in the pre-industrial era, when the signals
were transmitted using smoke, torch or flashing mirrors. However, the transmission
of the information was over line-of-sight distances. These earliest means of commu-
nication eventually got replaced by telegraph network (invented by Samuel Morse in
1838) and later by telephone (in 1895 Marconi demonstrated first radio transmission).
The rapid growth of radio technology enabled transmission over long distances with
less power, better quality, small and cheaper devices, thereby encouraging public and
private communication through wireless techniques. The next major step in commu-
nication revolution was the evolution of satellite communication, which use microwave
to operate. In early 1930s microwaves were first used for communication. Broadcast-
ing of video and audio over a large geographic area is the most appealing application
of satellites.
Satellite communication systems provide flexibility as well as high speed data
transfer at high frequencies. With the increasing demand to support satellite com-
munication system for simultaneous transmission and reception of high quality data,
1
Chapter 1 Introduction
both wideband and multiband antennas are in boom. In all communication systems,
antenna is the most crucial component. The communication systems for RADAR-
band applications are preferred well improved antenna designs which entails low cost,
low profile, wideband with high gain and less metallic losses.
Recently, dielectrically loaded antennas have received extensive attention in wire-
less and satellite communication due to their small dimensions, light weight, low pro-
file, controllable properties, high dielectric strength, higher power handling capacity,
large bandwidth, low metallic losses and perfect protection from damages even in case
of explosions [2,3]. Due to these inherited advantages of Dielectric Resonator Antenna
(DRA), it can be a suitable choice for microwave and millimeter wave applications.
Microstrip patch antennas (MPA) and DRA, both are most popular and adaptable
but as compared to microstrip antenna, the DRA has a much wider impedance band-
width with high efficiency.
In case of satellite communication systems, a robust DRA array is essential for
high frequency applications. The gain, bandwidth and radiation performance of DRA
array can be modified by using log periodic technique. Log Periodic antennas are
broadly used for wideband applications. The class of antennas that have resulted from
applying log periodic techniques to DRA array is named as frequency independent
or Log Periodic Dielectric Resonator Antenna (LPDRA) array which substantially
extends the useful applications of DRA.
1.1 Satellite Communications
Microwaves are radio waves with wavelengths ranging from one meter to one millime-
ter (frequencies from 300 MHz to 300 GHz) [4,5]. The microwave spectrum is usually
defined as electromagnetic energy ranging from approximately 1 GHz to 100 GHz in
frequency, but older usage includes lower frequencies. Most common applications are
within the 1 to 40 GHz range. One set of microwave frequency band designated by
the Radio Society of Great Britain (RSGB) are given in Table 1.1.
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Table 1.1: IEEE microwave frequency bands.
IEEE fre-
quency
bands
Frequency
Range
Wavelength
Range
Applications
L band 1 to 2 GHz 15 cm to 30
cm
Military telemetry, GPS, mobile
phones (GSM).
S band 2 to 4 GHz 7.5 cm to 15
cm
Weather RADAR, surface ship
radar, communication satellites,
Wireless LAN, Bluetooth, Zig
bee, GPS.
C band 4 to 8 GHz 3.75 cm to 7.5
cm
Long-distance radio telecommu-
nications.
X band 8 to 12 GHz 25 mm to 37.5
mm
Satellite communications, radar,
terrestrial broadband, space com-
munication.
Ku band 12 to 18 GHz 16.7 mm to 25
mm
Satellite communications.
K band 18 to 26.5
GHz
11.3 mm to
16.7 mm
Radar, Satellite communications.
Ka band 26.5 to 40
GHz
5.0 mm to 11.3
mm
Satellite communications.
Depending upon the requirements of swift transmission of digital data via satel-
lites, different IEEE RADAR bands such as X-band, Ku band, NATO-K band can be
preferred, which can provide the desirable bandwidth.
X-band meets the need of its users for several applications. It is successfully used
for military communications for decades. Commercial X-band advantages include
freedom from the clutter of commercial users, rain fade resistance, and maximized
throughput.
In the 1980s and 90s, the adoption of Ku-band is providing more capacity and
bandwidth. Ku-band enables focused bandwidth and high-quality communications
across larger geographical locations. NATO-K band is a frequency band which can
be used for a wide variety of applications, just like C- and Ku-band. It provides
increased spectrum compared to C-band and Ku-band enabling greater volumes of
traffic for communication. Satellites using NATO-K band frequencies can deliver the
same services that are delivered at C- and Ku-band for broadband communications.
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1.2 Log Periodic Technique
The Log Periodic technique is initially adopted for bandwidth enhancement of an-
tenna, which has been evolved from the initial work of a number of researchers at
the University of Illinois. In 1960’s, Isbel introduced a log periodic antenna design to
achieve wide bandwidth with superior performances [6]. It is also known as frequency
independent antenna. A conventional log periodic antenna is shown in Figure 1.1.
Figure 1.1: Conventional Log periodic antenna.
The design principle of log periodic structure requires scaling of dimensions from
period to period so that performance is periodic with the logarithm of the frequency.
In case of log periodic structure, if the input impedance as a function of frequency
is plotted, the variation will be found to be repetitive. If the plot is taken against
the logarithm of the frequency rather than the frequency itself, this variation will be
periodic and the impedance will go through cycles of variation in such a way that
each cycle is exactly like the preceding one. Here, the impedance is a logarithmically
periodic function of the frequency [7]. This behavior of the structure gives rise to the
name log periodic. Moreover, all the electrical properties of the antenna undergo a
similarly periodic variation [8].
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The concept of log periodic antenna is of building a structure, that scales into itself
periodically as the frequency and hence wavelength changes. The physical structure of
log periodic antenna is repetitive, which results in repetitive behaviour in its electrical
characteristic [7, 9–11]. In this type of antenna, it is normal to drive alternating
element with 1800 of phase shift from one another.
The log periodic antenna achieves bandwidths of 10:1 with ease, and much larger
values are possible with careful design [12]. By applying log periodic technique to
antenna array, a negligible variation in electrical characteristics (i.e. input impedance,
patterns etc.) of the antenna is obtained over wideband frequency, which is within
the design limits of the antenna.
The design of a log periodic antenna consists of a basic geometric pattern that
repeats, apart from a different size pattern which results in repetitive behaviour in
its electrical characteristics [13]. The length, width and spacing between the adjacent
elements of a log periodic antenna increases logarithmically from one end to the other
[14]. This self-scaling property implies that the array will have the same radiating
properties at all frequencies that are related by a factor ‘τ ’. The magnitude of the
log-frequency periods is determined by the design ratio, τ , and has a magnitude
log (1/τ). That is, the two maxima of the impedance or pattern variation occurs at
frequencies f1 and f2 having log frequency period, log(1/τ) and they are related by
the Equation (1.1),
log f1 − log f2 = log f1
f2
= log
1
τ
(1.1)
where,
f1
f2
=
1
τ
, orf2 = τf1 (1.2)
If the log-periodic antenna has certain measured properties (e.g. impedance, gain)
at any particular frequency f, it follows that it will have exactly the same properties
at frequencies τf ,τ 2f , τ 3f and so on and also at f , f/τ , f/τ 2, f/τ 3,...., provided that
these frequencies are all within the cutoff limits. The log-periodic antenna is frequency
independent in which the electrical properties such as the mean resistance level R0,
the characteristic impedance of the feed line Z0, and driving-point admittance Y0,
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vary periodically with the logarithm of the frequency [11]. In the recent era, the
log periodic technique has been employed to achieve wideband characteristics with a
negligible variation in electrical parameters such as input impedance, and radiation
patterns of the antenna. The Log periodic technique is a very sophisticated and
effective approach to achieve wideband, high frequency antenna design.
1.3 Motivation
With the growing demand of high speed data transfer and internet access, the com-
munication systems with wideband applications are becoming more prevalent. The
rapid increase in the demand for wireless applications in the microwave range has led
the research community to focus their attention on highly efficient antennas, which
exhibit wide bandwidth, good radiation characteristics and low metallic losses with
small size. The DRAs could be used for above applications due to their many useful
features. Microstrip antennas have some limitations compared to DRAs as narrow
bandwidth, lower gain, low power handling capacity etc. For these reasons, DRAs
are preferred over microstrip and conventional antennas. Bandwidth enhancement is
one of the major design considerations for most practical applications of DRAs. In
recent few decades, research scientists have developed several techniques to increase
the bandwidth and obtain a wideband response for the DRA. Using DRA array with
different types of feeding technique is one of the most popular bandwidth enhance-
ment approach. The gain, bandwidth and radiation performances of DRA array can
be enhanced by using log periodic technique. Log Periodic antennas are widely used
for applications where a large frequency band is desired. The recent advancements
in wireless communication industry, especially the area of mobile communication,
wireless data communication and satellite communication have led to the increased
demand for high gain, high efficiency, wideband antennas which motivated the study
and design of LPDRA array.
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1.4 Problem Statement
With the motivation mentioned in section 1.3, we take up a problem for the doctoral
research, which is stated as follows.
To design and develop Log Periodic Dielectric Resonator Antenna (LPDRA) array
for:
• Ku band applications using the branched microstrip feed line,
• X band applications using the capacitive coupled microstrip feed line,
• Wideband applications using the overlaid microstrip feed line,
• NATO-K band and X band applications using dielectric resonators with different
relative permittivity.
1.5 Thesis organization
The FIRST chapter of this thesis presents, a brief introduction of the log periodic
technique. The motivation and problem statement of the present research structure
are included in this chapter. The chapter wise presentation of the thesis is also dealt
here. Finally, the chapter is summarized.
The SECOND chapter is dedicated to the background of DRA, bandwidth en-
hancement in DRA, DRA array and log periodic dielectric resonator antenna array.
The literature of the present and previous works on DRA and log periodic antennas
are reported and summarized. It includes reviews on DRA, wideband DRA, DRA
array, log periodic dipole array, log periodic microstrip antenna etc.
The THIRD chapter is based on a seven element LPDRA array with the branched
microstrip line feeding. The k-β analysis for log periodic DRA array is presented in
this chapter. The design methodology of the DRA array using log periodic tech-
nique is discussed and the detailed results of the proposed antenna are investigated
in this chapter. This LPDRA array can be a good choice for Ku band (12-18 GHz)
applications.
7
Chapter 1 Introduction
The FOURTH chapter contributes a seven element LPDRA array excited by ca-
pacitive coupled microstrip line series feeding. The dielectric resonators are engraved
on the same substrate as the feed line and directly or capacitive coupled to it. The
designed LPDRA array is fabricated and the measured results are compared to the
simulated results. The array can be used for X-band applications.
The FIFTH chapter deals with the design of a seven element frequency indepen-
dent LPDRA array to acquire a light weight, physically small sized antenna. The
LPDRA array with an overlaid microstrip line feeding has been designed, simulated
and experimentally tested. This feeding circuit is providing sufficient isolation be-
tween the dielectric resonator (DR) and the feed circuits which reduces the surface
wave losses. The proposed antenna is suitable for wideband applications in satellite
and RADAR communications.
In the SIXTH chapter, the design and analysis of nine element LPDRA array
with overlaid microstrip line feeding for different dielectric material are proposed.
The first design describes an analysis on LPDRA with dielectric resonators having a
high relative permittivity value for NATO-K band applications. For ease of fabrica-
tion, another LPDRA is designed with resonators of Teflon based low cost dielectric
material having low relative permittivity for X- band applications.
Finally,the SEVENTH chapter outlines the overall contributions of the thesis.
The achievements and limitations of the results are also discussed. The details of
further research work in the same area are also included in this chapter.
The detailed descriptions of design methodology used for designing LPDRA ar-
ray are described in the APPENDIX A. Here, Electromagnetic (EM) numerical
modelling techniques for Computer Simulation Technology (CST) microwave studio
simulation programs are discussed.
1.6 Summary
In this chapter, a brief introduction on satellite communication and log Periodic tech-
nique are discussed. The Log periodic technique is introduced to achieve significant
multi resonant wide bandwidth for high frequency applications. This chapter also sys-
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tematically outlines the motivation behind this work and the problem statement of the
thesis. A concise presentation of research work carried out in each chapter has been
dealt. In essence, this chapter provides an overview of the thesis in a comprehensive
manner.
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Dielectric Resonator Antennas: A state-of-the-art
2.1 Introduction
The recent explosions in wireless communication industry have led to the increased
demand for compact antenna designs. The main purpose of designing an antenna is
to obtain a wide range of bandwidth. Microstrip Patch antennas (MPA) have some
limitations like narrow bandwidth, lower gain, low power handling capacity, poor po-
larization purity etc. To overcome these problems, DRAs are preferred over microstrip
and conventional antennas. The DRAs are good replacement of the microstrip an-
tenna. It provides wider impedance bandwidth with high power handling capability
due to its many advantageous features. These include the compact size, simple struc-
ture, ease of fabrication and the versatility in their shape and feeding mechanism
described by Mongia and Bhartia in 1994 and later on by Petosa in 2007 [2, 3, 15].
DRAs become very popular in the core sectors like defense, military, satellite, radar
and especially for high frequency applications. It has received extensive attention due
to its several features such as light weight, low profile, low-dissipation loss, high-
dielectric strength, and higher power handling capacity. Due to the flexibility in
DRAs, it can be designed with different shapes as per the requirements depending
upon the applications in the wireless communications world. DRAs can be excited
with several feeding methods, such as probes, microstrip lines, slots, co-planar lines
and image waveguide [16].
DRA can be fabricated from low-loss and high relative dielectric constant ma-
terial of various shapes whose resonant frequencies are functions of the size, shape
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and permittivity of the material. The DRA has some additional properties such as
frequency stability with temperature, ease of integration with other hybrid MIC cir-
cuitries, simple construction and the ability to withstand harsh environments. Due
to these numerous benefits of DRAs, it is very promising for applications in wireless
communications.
2.2 Dielectric Resonator
Microwave resonators in the form of dielectric spheres and toroids were first theoret-
ically demonstrated in 1939 by Richtmeyer [17]. In the early 1960s, the modes of the
resonators were first analyzed by Okaya and Barash [18]. Development of low-loss
ceramic materials opened the way for the use of these resonators as high-Q (quality
factor) elements for circuit applications such as filters and oscillators, offering a more
compact alternative to the waveguide cavity resonator. For these applications, dielec-
tric resonators are typically machined into different shapes out of materials having a
high relative permittivity (ǫr ≥ 35) to maintain compactness. Dielectric Resonators
(DRs) made of low loss dielectric materials are widely used in shielded microwave
circuits such as filters and oscillators as a tuning element. They could be excited
using different transmission lines.
DRs generally consist of puck of ceramics that has a high permittivity and low
dissipation factor [19]. These are good alternatives to metallic cavities where they
offer a reduction in size without degradation in performance. Dielectric materials
with dielectric constant (ǫr) in the range of 2-100 have been used in high microwave
frequency applications. The high relative permittivity at the interfaces of DR and
free space provide a standing electromagnetic wave inside the resonator.
In 1983, S. A. Long has introduced DR as a radiating element [20]. The study of
DRs as an antenna began in the early 1980s with the examination of the characteristics
of basic shapes such as cylindrical, rectangular and hemispherical. An antenna con-
sists of a rectangular parallelepiped dielectric on top of the ground plane is described
by McAllister in 1983 [21]. In 1989, Mongia has placed a half split DR on metallic
plane for antenna applications and proposed the structure as a practical dielectric
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resonator antenna for use at microwave and millimetre-wave frequencies [?, ref107]
The necessity of smaller size antenna with higher frequency applications is boosted
the research in the area of DRA.
2.3 Dielectric Resonator Antenna
The DRA is constructed from dielectric resonator, substrate and ground with different
excited feeding techniques. DRA consists of dielectric materials as its radiating patch
also called as DR on one side of the substrate and has a ground plane (metal) on the
other side.
DRA is a resonant antenna, fabricated from low-loss microwave dielectric material.
A high permittivity DRA can be used as a small and low profile antenna. Moreover,
the size of DRA can easily be controlled by the dielectric constant of the materials.
A wide range of dielectric permittivity values (2 to 100) can be used, allowing the
designer to have control over size and bandwidth i.e., wide bandwidth is achievable
using low permittivity and compact size is achievable with high permittivity.
DRAs possess some peculiar properties which render them very promising, espe-
cially for microwave and millimeter wave applications. DRA can be designed with
various geometries including cylindrical, rectangular, spherical, half-split cylindrical,
disk, hemispherical, and triangular shapes to accommodate various design require-
ments as shown in Figure 2.1 [2, 3].
The DRA has attracted much attention in recent years. It has many favorable
features. The major feature of DRAs are high radiation efficiency due to the absence
of conductor or surface-wave losses. In case of DRA, various modes are excited to
produce a broadside or omnidirectional radiation pattern for different coverage re-
quirements. The DRAs are characterized by low phase noise, compact size, frequency
stability with temperature, ease of integration with other hybrid MIC circuitries, sim-
ple construction and the ability to withstand harsh environments. It has some inter-
esting characteristics like light weight, high permittivity, wide impedance bandwidth,
low-production cost and ease of excitation [15,16].
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Figure 2.1: Several possible shapes of DRAs.
2.3.1 Feeding Techniques
Feeding techniques are required to energize the antenna i.e. to transfer the power into
the antenna. Early microstrip antennas were fed either by a microstrip line or a coax-
ial probe through the ground plane. DRAs can be excited by using several feeding
methods, such as probes feed, slots, microstrip feed lines, dielectric image guides and
co-planar lines etc [2,3,15,16,22]. A number of modified feeding techniques have also
been developed [2, 3]. Some of the feeding techniques are easy to fabricate whereas
others are difficult. Some of the feeding techniques can enhance the bandwidth of
DRA. For example, aperture and proximity feeds are used to increase the bandwidth.
In 1997, Mongia proposed the theoretical and experimental investigations on rectan-
gular DRA with various feeds such as probe, microstrip slot and microstrip line to
describe the resonant frequencies and radiation Q-factors [23].
Coaxial or Probe Feed
Coaxial or probe feed is a common method of coupling to DRA. The probe usu-
ally consists of the center pin of a coaxial transmission line that extends through
the ground plane. The center pin can also be soldered to a flat metal strip that is
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placed adjacent to the DRA, whose length and width can be adjusted to improve the
impedance match [2, 3]. The coaxial connector is attached to the back side of the
DRA and the coaxial center conductor after passing through the substrate is drilled
into the dielectric resonators.
Figure 2.2: A coaxial probe fed hemispherical DRA.
The amount of coupling can be controlled by adjusting the probe height and the
DRA location. The probe length is generally chosen to be less than the height of the
DRA, to avoid probe radiation as shown in Figure 2.2. Feeding the probe adjacent to
the DRA is preferred since it does not require drilling into the DRA. The advantage
of the coaxial probe excitation is the direct coupling into a 50 Ω system without the
need for a matching network [24,25].
Microstrip Line Feed
Excitation of the dielectric resonator antenna by a microstrip line on the same sub-
strate is the easiest method of feeding. In this type of feed technique, a conducting
strip is connected directly to the edge of the dielectric resonator (DR) or inserted
under the DR. A common method of excitation with microstrip line is to use it by
proximity coupling. The amount of coupling from the microstrip line to the DRA can
be controlled to a certain degree by adjusting the spacing between the DRA and the
line for the side-coupled case or the length of the line underneath the DRA for the
direct-coupled case [2]. The dielectric constant of the DRA also affects the coupling.
Higher the value of dielectric constant, higher will be the value of the coupling. This
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feeding technique provides ease of fabrication and simplicity in modeling as well as
impedance matching. As the thickness of the dielectric substrate of the DRA in-
creases, surface waves and spurious feed radiation also increase, so the thickness of
the substrate should be kept less [2, 3, 26, 27].
Figure 2.3: A microstrip line fed cylindrical DRA.
An investigation on microstrip transmission line excitation of cylindrical shaped
DRA has shown by Kranenburg and Long in 1988. They have reported that a mi-
crostrip line can be strongly coupled to the DRA and the coupling results in an efficient
and practical antenna system for frequencies within the millimetre wave band [28].
Slot Aperture Feed
In slot aperture method, a DRA is exciting through an aperture in the ground plane
upon which it is placed. Aperture coupling is applicable to DRAs of any shapes such as
rectangular, cylindrical or hemispherical. The aperture works like a magnetic current
running parallel to the size of the slot, which excites the magnetic fields in the DRA.
The aperture consists of a slot cut in a ground plane and fed by a microstrip line below
the ground plane. For avoiding spurious radiation, feed network is located below the
ground plane. Moreover, slot coupling is an attractive technique for integrating DRAs
with printed feed structures. The coupling level can be changed by moving the DRA
with respect to the slot. Generally, a high dielectric material is used for the substrate
and a thick, low dielectric constant material is used for the top dielectric resonator
patch to optimize radiation from the antenna [2]. It is difficult to fabricate the DRA
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with this feeding technique due to its multiple layers which also increases the thickness
of antenna. This feeding method provides narrow bandwidth (up to 21%). In 1990,
Martin and Antar designed a circular cylindrical dielectric resonator fed by microstrip
feed line through a coupling aperture on the ground plane. The antenna configuration
can be used at microwave and millimetre wave frequencies [29].
Figure 2.4: A aperture coupled rectangular DRA.
Proximity Coupled Microstrip Feed
In this type of feeding a two layer substrate is used and the DRA is placed on the
upper layer. This feed is also known as an electromagnetically coupled feed. To design
this feed, two substrates are required and the feed line should be in between the two
substrates. The fabrication of the antenna is little bit difficult and the thickness of
the antenna is increased due to the presence of the two substrates. By using this
feeding technique the bandwidth of the antenna can be improved. The substrate
parameters of the two layers can be selected to increase the bandwidth and to reduce
spurious radiation. The lower substrate should be kept thin [30, 31]. Proximity-
coupled microstrip feed is also known as non-contacting feed.
This feeding method has some advantages such as no physical contact between the
feed line and radiating element, no drilling required, less spurious radiation, better for
array configurations, good suppression of higher order modes, better high frequency
performance etc.
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Dielectric Image Guide Feed
This coupling technique is similar to microstrip line coupling but a dielectric material
as a feed line is used instead of perfect electric conductor. Dielectric image guides
offer advantages over microstrip at millimeter-wave frequencies, since they do not
suffer from conductor losses. The coupling can be controlled by adjusting the spacing
between the guide and the DRs [2, 3, 32, 33]. The dielectric image guide is thus best
utilized as a series feed to a linear array of DRAs.
2.3.2 Modes supported by DRA
Depending on the shape of the resonator, various modes can be excited within the
DRA element. These modes can produce different radiation patterns for various
coverage requirements. DRAs operating at their fundamental modes radiate like an
electric or magnetic dipole, which depends on the mode of excitation and geometry
of the bulk dielectric material. Though several geometries have been introduced,
the most studied and common structures are the cylindrical and rectangular DRAs
because of the simplicity in their design, fabrication, and analysis.
Based on the basic shapes, the excited resonator modes can be classified into three
distinct types: Transverse Electric (TE) and Transverse Magnetic (TM) and hybrid.
TE and TM must refer to a coordinate axis. In general, TE to an axis implies the
Electric field component in that axis vanishes, or equivalently two electric components
Transverse (perpendicular) to that axis exist. Similarly for TM, Magnetic is replaced
with Electric in the above statement [2, 3, 22].
The fields for TE and TM modes are axisymmetric, whereas hybrid modes are
azimuthally dependent. The variation of fields along the azimuthal, radial and Z-
direction inside the resonator is denoted by adding mode indices as subscripts to
each family of modes. The TE, TM, and hybrid modes are classified as TEmnp+δ,
TMmnp+δ and HEmnp+δ respectively. The first index denotes the number of full-
period field variations in azimuthal direction, the index n (n = 1, 2, 3) denotes the
order of variation of the field along the radial direction and the index p + δ (p = 0, 1,
2) denotes the order of variation of the fields along the Z-direction. The actual value
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of δ depends on the relative dielectric constant of the resonator and the substrate and
on the proximity to the top and bottom conductor planes.
(a)
(b)
(c)
Figure 2.5: Basic radiating modes in a cylindrical dielectric resonator (Left: E-field,
right: H-field) : (a) TE01 mode, (b) TM01 mode and (c) HEM11mode.
An interesting feature of DR is the variation in field distribution of different
modes, because the modes behave like electric and magnetic multipoles such as dipole,
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Figure 2.6: Sketches of the E-fields for selected higher-order modes within the rect-
angular DRA.
quadrupole, octupole, etc. The mode nomenclature makes possible the accurate pre-
diction of far-field radiation of dielectric resonators in their application as antennas.
For example, the TE01δ mode radiates like a short magnetic dipole oriented along its
axis, whereas its TM counterpart radiates like a short electric dipole and the HE11δ
mode radiates like a horizontal magnetic dipole.
Figure 2.5 shows the modes in a cylindrical shaped dielectric resonator. The
sketches of the electric fields of some of these modes for rectangular shaped DRA are
shown in Figure 2.6.
2.3.3 Polarization in DRA
A common method for coupling to dielectric resonators in DRA is by coupling mi-
crostrip lines. Microstrip coupling will excite the magnetic fields in the DRA to
produce the short horizontal magnetic dipole mode. The level of electromagnetic
coupling can be adjusted by the lateral position of the DRA with respect to the mi-
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crostrip line and on the relative permittivity of the DRA. For lower permittivity values
(necessary for DRAs requiring wide bandwidth), the amount of coupling is generally
quite small. Thus, in order to have acceptable radiation efficiency, an array of DRAs
is required. Microstrip lines can be used as a series feed for a linear array of DRAs,
provided that a sufficient number of elements are used. In this case, the polarisation
of the array is dictated by the orientation of the microstrip line. Usually the DRA
arrays are linearly polarised [2, 3].
For some of the applications like satellite communications circular polarisation is
required which results in the radio path as a line of sight with few reflected paths. The
circular polarisation is used to make the received power independent of the angular
orientation of the receiver. Circularly polarised (CP) DRA arrays can be constructed
using linearly polarised (LP) DRA elements or CP DRA elements. The CP arrays
formed using CP DRA elements give better performance in terms of 3dB axial ratio
bandwidth, gain and 3dB-gain bandwidth [2].
2.3.4 DRA over Microstrip Patch Antenna
The high-radiation efficiency, wide bandwidth and polarization flexibility of DRAs
make them far superior to conventional microstrip antennas. As compared to the Mi-
crostrip Patch Antenna (MPA), the DRA provides much wider impedance bandwidth
due to their numerous beneficial features [15]. DRA offers wider impedance band-
width ( 10% for dielectric constant (ǫr) 10). This is because the microstrip antenna
radiates only through two narrow radiating slots, whereas the DRA radiates through
the entire three dimensional antenna surfaces except the grounded part [2]. DRAs are
basically invulnerable to the surface wave power leakage and conductor loss complica-
tions, which plagues the MPA and reduces their efficiency. DRAs having an efficiency
significantly higher than that of the microstrip antenna, especially at millimeter wave
frequencies. With the suitable adjustment of the feed position, the antenna is excited
to provide a wide bandwidth with the broadside radiation patterns [15].
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2.3.5 Advantages and Limitations of DRA
DRA has various features which make it very versatile elements over a wide frequency
range. These features can be adapted to numerous applications by appropriate choice
of the design parameters. Due to low loss of the dielectric materials, DRAs offer a high
radiation efficiency which is very important in a portable or a mobile unit for saving
power. Rectangular DRAs, in comparison to other geometries are more desirable due
to two independent aspect ratios which provide more flexibility for antenna design [23].
Bandwidth up to 10% can easily be achieved with simple rectangular DRAs, with
relative permittivity values of 10 or less.
The bandwidth of a common DRA is typically below 10%. In order to enhance the
bandwidth of DRA, many techniques have been developed for DRAs, such as stacked
DRA, embedded DRA, DRA array or various shaped DRA. It is very difficult to
get dielectric material of desired dielectric constant, so one has to work with limited
available resources. Compared to the printed circuit antennas, the fabrication is
generally more complex and more costly.
2.3.6 Applications of DRA
Now-a-days DRA is broadly used in electronic warfare, missile, radar and commu-
nication systems. For many of the existing and emerging communication applica-
tions, wideband DRA operation is desirable to accommodate the increasing data
rates required for services such as video-conferencing, direct digital broadcast, EHF
portable satellite communications, local multi-point communications, and indoor wire-
less. DRAs of relatively simple design have wideband performance and may serve as
suitable antenna candidates for various applications such as biomedical radiators and
intruder alarms. They find use both in military and commercial applications [34].
Over the past few years, varieties of wideband antennas were investigated. In 2005,
Wong et al. had presented a square cylindrical monopole antenna for wideband om-
nidirectional operation [35]. In the same year, a wideband circularly polarised patch
antenna was designed by Lau et al for outdoor GPS communication system [36].
In 2006, Lee et al proposed a planar monopole antenna for ultra-wideband appli-
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cations [37]. Ryu and Kishk have described a novel portable DRA design mounted
on a vertical ground plane edge with broadside radiation for ultra-wideband wireless
applications in 2010 [38]. A novel compact ultra-wideband printed monopole loaded
with a DRA is proposed by Ahmed et al. in 2011 [39]. In 2012, Abedian et al.
have presented new compact two-segment dielectric resonator antenna (TSDR) for
ultra-wideband application [40].
Now-a-days DRAs meet growing interest in wireless and satellite communication
systems due to the low loss of dielectric materials [3,4]. For satellite communication in
X, Ku, K and Ka bands (8-40 GHz), there is an inherent trade-off between conductor
losses and multi frequency broad bandwidth. For high frequency wideband applica-
tions, beyond 10 GHz such as X band, Ku band, K band or Ka band, well improved
designs of antenna are required. Chair et al. in 2007 had designed a wideband stair
shaped DRA for X band applications having impedance bandwidth 54% (7.68-13.4
GHz) [41]. A compact Ka band Lens antenna is presented by Costa et al. in 2008
for Leo satellites which radiates at 26 GHz [42]. In 2009, Arnieri et al. introduced a
Shorted Annular Patch (SAP) antenna integrated with a circular radiating waveguide
for Ka band applications, which radiates at 20 GHz and 30 GHz providing impedance
bandwidth 950 MHz and 630 MHz, respectively [43]. Since DRA has low conductor
losses in compared to the typical metal antennas such as microstrip patches, it can
be a good choice for satellite communication.
2.4 Bandwidth Enhancement of DRA
The impedance bandwidth of DRA is depending on the dielectric constant of res-
onator material. For most of the practical applications of DRAs, the major design
consideration is the bandwidth enhancement.
In 1994, Mongia and Bhartia have been reported several bandwidth enhancement
techniques on modified feed geometries and changing the shape of the DRA including
conical, tetrahedron, ring, triangular etc. [15].
By selecting a low dielectric constant and the appropriate dimensionsof DRA, a
very low Q-factor can be obtained which implies that it is theoretically possible to
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design an isolated cylindrical or rectangular DRA with broad bandwidth [44]. The
bandwidth of the DRA can be enhanced by using different techniques e.g. changing
the shape of DRA (including conical, tetrahedron, ring, triangular etc.) [16, 45–49],
use of modified feed geometries, using multiple DRAs [50–52], optimizing the feeding
mechanism etc.
The bandwidth improvement of DRA can also be achieved by using a finite ground
plane or introducing an air gap between dielectric resonator (DR) and ground plane
[53–56]. The introduction of air gaps between the DR and the ground plane can
increase the impedance bandwidth of the antenna significantly [38]. For bandwidth
enhancement, some new techniques have been proposed by a number of researchers
such as changing the dimensions of the ground or substrate material, varying the
parameters of DRA, use of parasitic coupling with different resonators using a number
of DRAs or different type of feeds (or excite) to the antenna [38,52]. The impedance
bandwidth of DRAs can be improved by using multiple DRAs (array or stacked or
embedded) instead of single DRA [57–60]. The bandwidth of DRA array can further
be modified by using Log periodic technique [6–8].
In practice, there are innumerable techniques to enhance the bandwidth of DRA.
The most common techniques adopted for wideband DRAs are changing the shapes
of the dielectric resonator, use of modified feed geometries, optimizing the feeding
mechanism and DRA parameters, stacked DRAs, embedded DRAs and DRA arrays
[20, 56,61,62].
The performances of DRA can be improved by using stacked or stair shaped
DRA [41, 63]. Stacking of DRAs is an efficient technique to raise the gain, band-
width and radiation performances. In 1989, Kishk et al. have investigated a stacked
cylindrical dielectric resonator Antenna. The dielectric resonators of the antenna are
made up of different materials and the bandwidth of the stacked antenna was found
25% [64]. An improvement in the bandwidth of the DRA using a stacked elliptical
DRA configuration placed above an infinite ground plane was presented by Sharkway
et al. in 2004 [65]. The stacked DRA, excited by coaxial probe feed was resulted in
an improved bandwidth of 61.5%. In 2006, Walsh and Long proposed an investiga-
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tion of stacked and embedded cylindrical DRA to show impedance bandwidth up to
68.1% compared to 21.0% for a homogeneous DRA with the same size and resonant
frequency [60].
Leung proposed a new excitation scheme in the year 2000 which employs a con-
ducting conformal strip to excite a hemispherical DRA [66]. In 2005, Tayeb et al. have
presented an L-shaped DR antenna with the two equiangular triangles [67], which of-
fered 38% impedance bandwidth. In 2007, Chair et al. have proposed a DRA design
using one or two-step stair geometries of dielectric resonators to achieve wideband.
The obtained impedance bandwidth is more than 20% for one-step DRA or more than
40% for a two-step DRA design [41].
In 2008, Chang et al. have designed a wideband rectangular-shaped dielectric
resonator with a horizontal tunnel to provide an impedance bandwidth of 20% for
WLAN applications [68]. In 2009, Chang and Feng have presented a DRA design fed
by an L-shaped microstrip monopole yields more than 25% bandwidth [69].
In 2010, Pan and Leung have reported that a wide bandwidth over 20% can be ob-
tained by using a circular polarized trapezoidal DRA excited by a single rectangular
slot [70]. A circularly polarized wideband rectangular DRA excited by a concen-
tric open half-loop has been presented by Sulaiman and Khamas in 2011 [71]. The
antenna is providing 20% impedance matching bandwidth. In the same year, a wide-
band rectangular-shaped DRA is designed by Fang and Leung to provide 30.9% of
impedance bandwidth, which was possible with the strip-fed excitation method [72].
All these DRA designs provide wide bandwidth with good radiation patterns how-
ever, the bandwidth is limited to only 40%. In 2011, Ge et al. have proposed an
ultra-wideband rectangular DRA design which achieved 60-110% bandwidth with an
average gain of 6 dBi by employing a low permittivity dielectric insert of full-length
between the DR and the ground plane [73].
2.5 Dielectric Resonator Antenna Array
In recent years, the DRA is extensively studied due to its several advantages [2,3,15,
16]. The size and bandwidth of DRA can easily be controlled by varying the dielectric
24
Chapter 2 Dielectric Resonator Antennas: A state-of-the-art
constant of the dielectric materials in a wide range [2]. For an antenna, high gain with
high efficiency and directional radiation pattern cannot be synthesized with a single
DRA of any shape. The gain, bandwidth and radiation performances of DRA can be
improved by using array instead of single DRA [34,57]. For some applications, a DRA
array with suitable element arrangement and feed configurations (like conformal patch
connected to microstrip line feed) can be used to provide desired performances [34,74].
In case of DRA array, the DR of proper dimensions can be assembled and fed
in a proper way [34, 57]. The DRA arrays find uses in terrestrial applications as
well as radars. Varieties of array designs have been proposed in literature to obtain
broadband multi-frequency operations. Among them EBG antenna using double-layer
frequency selective surfaces [75], PCB integrated waveguide fed array antennas [76]
or coplanar waveguide spiral antennas [77] are mostly exploited ones for Ku band
applications.
A four-element cylindrical dielectric resonator antenna (CDR) array was proposed
by Guha and Antar in 2006 [57]. The array offers the impedance bandwidth of
29% (S11 ≤ -10 dB) with monopole like radiation pattern over the entire band, with
4 dBi peak gain. Al-Zoubi et al. have proposed a linear rectangular DRA Array
fed by dielectric image guide to achieve a specific power distribution with low cross
polarization in 2010 [58]. In 2010, Tian et al presented a compact six-port DRA
array for MIMO channel measurements and performance analysis which gives a higher
degrees of freedom (DOF), than the monopole array [59]. The bandwidth of the DRA
array can further be enhanced by using log periodic technique.
2.6 Log Periodic Dielectric Resonator Antenna
The promising growth in high speed data transfer at high frequencies increases the
necessity of flexible satellite communication systems. In modern satellite commu-
nication systems for IEEE Radar band applications, multi resonant wide frequency
operation is highly desirable, which require small and light weight antenna with less
metallic losses and broadband facilities. The use of multi single frequency resonant
antennas can be avoided by using a single DRA array which can support a wideband
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with multi resonant frequency [78, 79]. In this case, applications requiring different
frequency bands can be operated simultaneously with one radiating element. This
shrinks the circuit size and leads to compact systems.
An advanced method to achieve wide bandwidth with high-efficiency, high gain and
less metallic losses is possible by applying the log-periodic technique to a DRA array.
The log periodic dielectric resonator array substantially extends the useful application
area of dielectric resonator antennas which provides wide bandwidth systems with a
versatile low profile.
Log periodic antenna design is used where a wide range of frequencies, moderate
gain and directionality are desirable. In 1960, D.E. Isbell proposed a new antenna
design for dipole arrays which provides unidirectional radiation patterns of constant
beam width and nearly constant input impedance over any desired bandwidth [6]. Is-
bell introduced that broadband properties are achieved by making use of the principles
of log periodic antenna design.
Various log periodic antenna designs have also been reported to achieve modest
levels of gain with wide bandwidth for high frequency applications. In the 1960’s,
some theoretical as well as experimental works on log periodic dipole array design were
carried out by Carrel, who demonstrated that log periodic antennas have a reasonable
gain with broad bandwidth [13,14]. In 1981, Pues et al. have described a new design
method for a wideband array of quasi-log-periodic microstrip antenna. The array
provides 22% bandwidth with reasonable power gain in the broadside direction [10].
In 1986, Hall et al. have obtained a wide bandwidth by applying a log periodic
technique to the series-fed electromagnetically coupled overlaid patch array [80].
Due to the requirements of high gain, broad bandwidth, low weight, reliability, ease
of manufacture and integration with widely used planar microwave circuitry, Pantoja
et al. have proposed a microwave printed planar Log-Periodic Dipole Array antenna
in 1987, which fulfill all the above requirements [7]. A coplanar waveguide (CPW)
fed log-periodic dumb-bell slot antenna array operating as a frequency independent
antenna was presented by Kim et al in 2006 [81]. In the same year, Chen et al have
proposed a uniplanar log periodic slot antenna excited by CPW feeding for UWB
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radio systems [82].
A number of different log periodic antennas have been investigated by different
researchers. A log periodic Koch-dipole array as a miniaturized wideband antenna
for 2-3 GHz impedance bandwidth was designed by Anagnostou et al. in 2008 [83].
In 2009, Baek et al. had successfully fabricated a 94 GHz log periodic planar
on-chip antenna on GaAs by using MMIC process technology [84]. A single layer
printed log periodic dipole array fed by substrate integrated waveguide was presented
in 2010 by Zhai et al. The array provides a low profile, light weight and wideband
characteristics [11]. There are some log periodic arrays of special geometry to achieve
multi-frequency wideband applications.
Wu et al. have designed a single-layered log periodic array of rectangular mi-
crostrip patches to achieve ultra wideband applications in 2010 [8]. The patches in
the array are proximity-coupled to the microstrip feeding line and the impedance
bandwidth of this antenna is from 2.26-6.85 GHz. This antenna has stable directional
radiation patterns, very low-profile and low fabrication cost, which are suitable for
various broadband applications.
J. Yang has described a guide rule for designing a wideband log-periodic array with
constant radiation performance in 2010 [85]. In the same year, Muruk et al. have
presented antennas to operate between 1.8 and 11 GHz with rejection at 6 GHz. The
authors demonstrated a band-rejection technique including the removal of resonant
teeth (aperture rejection technique), an integration of a dual band filter and the
combination of above two techniques. The aperture rejection technique was resulted
in more than 25 dB realized gain reduction [86]. A novel reconfigurable low profile log
periodic patch array is presented by inserting switches within aperture slots coupling
the feed line to the patches (7-10 GHz) by Hamid et al. in 2010 [87].
Recently, in 2011 a technique has been demonstrated by Jardon-Aguilar et al. to
reduce the size of the log periodic dipole array antennas, which employs inductive
loads on the elements of an antenna [88]. In this case, the total area is approximately
50% smaller than the size area of the reference antenna. A printed log-periodic dipole
antenna with multiple notched bands is presented by Yu et al. for UWB applications
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in the same year [89].
However, it was found that all the above described dipole or planar log periodic
antennas suffer from metallic or conductor losses and results in reduction of bandwidth
and less radiation efficiency which limit their performance. These limitations have
prompted a desire for DRs instead of metallic elements in the log periodic array that
can minimize the losses up to some extent.
The broadband Log Periodic Dielectric Resonator Antenna (LPDRA) array relies
on recent developments of broadband DRA array and high efficiency log periodic
technique. It is an advanced method to achieve low profile, light weight antenna with
conformal mounting capabilities.
The LPDRA array has various advantages over single DRA elements including
directional radiation patterns, increased gain, and often wider bandwidths [9]. It has
generally low cross polarization levels [10] and low metallic loss which results in high
efficiency. The LPDRA will predominately find applications in point-to-point com-
munications, point-to-multi point communications, wireless communications, satellite
communications systems and dynamic RADAR systems.
2.7 Summary
In this chapter, the state-of-art of Dielectric Resonator Antenna has been presented.
It is started by describing the introduction of DRA, its features, feeding techniques,
advantages, limitations, and applications. The applications of DRA as a wideband
antenna in a wireless communication system and satellite communication systems are
illustrated. The techniques to enhance the bandwidth of DRA have also been de-
scribed and followed by investigating research work related to the DRA, DRA array,
bandwidth enhancement in DRA. The chapter also presents several research works
related to log periodic antenna, reconfigurable antenna, circular polarized antennas
and wideband linear antenna arrays. It is found that the present wireless communica-
tion systems need more compact, wideband, high gain antennas with low conductor
losses.
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Branched Microstrip line fed Log Periodic
Dielectric Resonator Antenna in Ku band
3.1 Introduction
Ku-band (12-18 GHz) is providing wide bandwidth with more targeted coverage range
for deploying services to multiple users. Ku-band is designed for satellite communica-
tions exclusively, eliminating competition and signal interference from other communi-
cations systems. Initially, C-band was the primary spectrum for satellite communica-
tions. The C-band applications require large antennas and providing communications
across large areas. The C-band achieved a commercial success, the spectrum was
immersed under tremendous pressure with infringement from number of terrestrial
services which enforced the satellite industry to move towards Ku-band. The Ku-
band enables the use of smaller antennas and results in cost reduction of network
deployment. This band is less vulnerable to rain fade and hence offers a user more
flexibility. Therefore, Ku band is normally preferred as an ideal band for digital data
transmission via satellites.
In recent years, various types of small antennas are developed for Ku-band appli-
cations. A low profile mobile antenna for Ku-band satellite communication is designed
in a stair structure shape using 24 active phased array elements [90]. The elements of
the antenna are placed in a non-periodic array distance using the genetic algorithm. A
waveguide-fed low profile and light weight microstrip antenna arrays for Ku-band ap-
plications was developed using a low-cost printed circuit board waveguide (PCB-WG)
technology which gives 71% efficiency with high gain [76]. A wideband highly direc-
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tive EBG Antenna has been designed using double-layer frequency selective surfaces
and multi feed technique to operate in the Ku-band [75]. For satellite communication,
there is an inherent trade-off between conductor losses and broad bandwidth.
In this chapter, LPDRA array with branched microstrip line feeding is proposed
for Ku band applications. This array design is based on the recent developments of
low loss DRA array and wideband log periodic technique. The design methodology
of the DRA array using log periodic technique is discussed and the detailed results of
the proposed antenna are investigated in this chapter.
3.2 Log Periodic Dielectric Resonator Antenna Ar-
ray with parallel feed line
A seven element log periodic DRA array is designed and fabricated. The elements
of the LPDRA array are arranged in a log periodic fashion. The proposed array is
excited by log periodic branched microstrip feed line which results in a better coupling
of energy between the elements and the feed line. This feed line technique enables a
much more precise amplitude control for high frequency applications.
3.2.1 Antenna Geometry
The physical structure of the LPDRA array antenna is repetitive, which results in
repetitive behavior in its electrical characteristics. The design of a frequency in-
dependent array consists of a basic geometric pattern that repeats, except with a
different size pattern. Figure 3.1 shows the geometry of the LPDRA array configu-
ration. In this array design, seven different sized rectangular shaped resonators are
arranged in a log periodic fashion. The dielectric resonator (DR) of rectangular cross-
section offers a second degree of freedom making it a versatile and flexible DRA [79].
The length (L), width (W), height (H) and spacing (S) of LPDRA element increases
logarithmically from one end to another.
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(a)
(b)
Figure 3.1: The branched microstrip line fed LPDRA array. (a)Top view, and (b)
schematic view.
The schematic view of the LPDRA array is shown in Figure 3.1 (b). The array
is excited by 50Ω branched microstrip line feeding which offers an advantage of easy
and cost-effective fabrication of the antenna. In the resonant approach, the feed line
is terminated in an open circuit, which creates a standing wave on the line where
the voltage maxima or minima of each wave is located at multiples of λg/2 from the
open-circuit location. The guided wavelength λg can be approximated using Equation
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(3.1), where ǫr is the relative permittivity of the dielectric resonator and λ0 is the free
space wavelength.
λg =
λ0√
εr
(3.1)
For this LPDRA design, a dielectric resonator with relative permittivity ǫr = 2.1
(Teflon) is used. Teflon based dielectric materials are best suited for DRA array
design. The dielectric resonators along with the feed line are mounted on one side
of inexpensive FR4 substrate measuring ≈ 250 mm long by 130 mm wide with a
thickness (hs) of 1.6 mm. The substrate has a relative dielectric constant (ǫs) of 4.4
with a loss tangent (tan δ ) of 0.001 as shown in Figure 3.1 (b). A partially printed
ground plane with dimensions 195 mm × 130 mm (Lg ×Wg) is layered on the opposite
side to enhance the ensued bandwidth with full ground plane. The basic design of
LPDRA array is similar to that of a normal log periodic array. The array is fed at
the end of the structure, where smallest resonators are attached and the maximum
radiation is obtained towards this end.
For simple log periodic antenna design the scaling factor (τ) and relative spacing
(σ) values depend upon the desired gain and are chosen directly from Carrel’s table
[17]. The τ value of this LPDRA array design is chosen as 1.05. The value of σ can
be obtained by using Equations (3.2) and (3.3), where σi is the ideal value of relative
spacing.
σi = 0.258τ − 0.066 (3.2)
0.05 ≤ σ ≤ σi (3.3)
The design parameter αd, can be described by
αd = tan
−1
[
1− τ
4σ
]
(3.4)
The desired bandwidth of the array, B0 is the ratio of the highest (fH) to lowest
(fL) range of frequency given by Equation (3.5).
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B0 =
fH
fL
(3.5)
In a log periodic antenna, the designed bandwidth (Bd) should be more than
the desired bandwidth (B0). Thus the designed bandwidth is expressed as given in
Equations (3.6) and (3.7).
Bd = B0Br (3.6)
Bd = B0
[
1.1 + 7.7 (1− τ)2 cotα] (3.7)
where Br is the active region bandwidth of log periodic DRA.
The number of dielectric resonators (NR) required to design the log periodic DRA
array can be obtained as
NR = 1 +
[
lnBd
ln 1
τ
]
(3.8)
Among all basic shapes (hemispherical, cylindrical, and rectangular) DRA, rectan-
gular shaped DRA is more flexible as it is having one degree of freedom more compared
to cylindrical shaped DRA and two degrees of freedom more than hemispherical DRA.
The length (L) of the dielectric resonators and their spacing (S ) are graduated
in such a way that certain dimensions of adjacent elements allow a constant ratio to
each other. The design ratio is given by τ .
τ =
Lm+1
Lm
=
Wm+1
Wm
=
Sm+1
Sm
(3.9)
If the dimension of the array is multiplied by τ , it scales into itself with element
m become element m+1, element m+1 become element m+2 etc. [13, 14, 91]. This
self-scaling property implies that the array will have the same radiating properties at
all those frequencies which are related by a factor of τ . The values of L, W and S
will be scaled into log periodic elements. The dimensions of the smallest dielectric
resonator element are length L1 = 25.01 mm, width W1= 23.82 mm and spacing S1
= 27.34 mm, the dimensions of other dielectric resonators are scaled by τ . In this
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design, length of the largest dielectric resonator has been found out by using Equation
(3.10),
L =
v
∆f
(3.10)
where speed of electromagnetic waves for the resonator,
v =
c√
εr
∆f = fH − fL
and c is the speed of light in free space.
The width of the resonators is given below.
W =
L
τ
(3.11)
Spacing between elements should be,
S ≥ τW (3.12)
The dielectric resonator’s height (Hm) in active region (region of high current
excitation) of LPDRA is 3 mm. In a LPDRA array design, the whole array is divided
into three regions (for short, medium, and long height resonators). Active region
resonators are with medium height (Hm), whereas the other two regions, resonator’s
heights (Hm−1 and Hm+1) are scaled by τ .
Hm−1 =
Hm
τ
(3.13)
and
Hm+1 = τHm (3.14)
The branched microstrip line feeding is used to excite the LPDRA array and the
same log periodic technique is used for length and width of the branch feed line. The
total length and width of the main microstrip feed line which is at the center of the
array and common for the whole array is 250 mm and 3 mm respectively. For the first
smallest branch feed line connected to the smallest dielectric resonator, the length
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(fL) and width (fW ) are 37.18 mm and 4 mm respectively. The length and width of
other branch feed line connected with the rest of the dielectric resonators are scaled
by τ .
τ =
fLm+1
fLm
=
fWm+1
fWm
(3.15)
The length and width of the whole array are 250 mm and 130 mm respectively.
Since the resonant frequency and the radiation resistance depend primarily on the
dielectric resonator’s dimension and slightly influenced by the substrate thickness, so
the height of both the substrate layer and feed line are kept constant.
3.2.2 k-β diagram and its analysis
The basic geometry of log periodic antenna having infinite periodic structure is given
in Figure 3.2. The antenna consists of ‘n’ number of elements arranged side by side
on a plane and forming a planar array.
Figure 3.2: Basic Geometry of Log Periodic Antenna.
S = Spacing between two adjacent elements
Z0 = characteristic impedance
For the given infinite log periodic structure, γ is the propagation constant, and it
is described as:
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γ = α + jβ (3.16)
where α is the attenuation constant (Np/m) and β is the phase constant (rad/m).
Generally,
γ = α + jβ =
√
(R + jωL) (G+ jωC) (3.17)
and
Z0 =
R + jωL
γ
=
√
R + jωL
G+ jωC
(3.18)
The equations described above are the general solutions which include some loss
effects, and thus the propagation constant and characteristic impedance were found
as complex.
In some practical cases, the loss in the periodic structures is very small, so it can
be neglected. For a lossless case, the attenuation constant α is zero. Thus, R= G =
0 in the Equation (3.17) gives the propagation constant for α=0 as
γ = α + jβ = jω
√
LC (3.19)
β = ω
√
LC (3.20)
The characteristic impedance in (3.18) reduces to
Z0 =
√
L
C
(3.21)
which is a real number. Thus, the real value of propagation constant for a lossless
log periodic structure can be expressed as,
γ = β (3.22)
This equation is purely real. When α=0 and β 6=0 , this case corresponding to a
non-attenuating, propagating wave on the periodic structure.
In Log Periodic antenna array, it is useful to plot the propagation constant, β
versus the free space wave number, k to study the propagation characteristics of a
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periodic structure. Such a graph is called as a k-β diagram, or Brillouin diagram
[4,80,92].
β = the propagation constant = real
k is the free-space wavenumber,
kc =
2πf
c
=
2π
λ
(3.23)
For free space propagation,
k = β =
2π
λ
(3.24)
The value of β is greater than k upto certain frequency, as the frequency increased,
the wave becomes fast i.e. β becomes less than k (β < k).
β =
√
k2 − k2c (3.25)
k =
√
β2 + k2c (3.26)
where kc is the cutoff wavenumber of the mode.
The k-β diagram can be plotted from (3.25) and (3.26) as shown in Figure 3.3.
Figure 3.3: k-β diagram for an infinite periodic structure.
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For values of k < kc, there is no real solution for β, so the mode is non-propagating.
For k > kc, the mode propagates, and k approaches β.
The propagation values can be plotted for a periodic antenna at several different
frequencies. The characteristics of the k-β diagram of a periodic structure vary widely
depending upon the nature of the structure. The k-β diagram can be used to study the
dispersion characteristics of many types of microwave components and transmission
lines. The suitability of the LPDRA array can be accessed by its k-β characteristics
plot.
3.2.3 Simulation Results
A branched microstrip line fed LPDRA array for Ku band has been designed and
analyzed. The results of the seven element LPDRA array are discussed in terms
of bandwidth response, input impedance, radiation pattern, gain and propagation
characteristics. The simulation studies for the proposed LPDRA array have been
carried out by using CST Microwave Studio suite 2012.
The impedance bandwidth of LPDRA from 11.4 - 18 GHz is the desired frequency
range for Ku band applications. As discussed in the previous chapter, the gain, band-
width, and radiation performances of DRA can be modified by using a log periodic
array instead of basic shaped DRA.
A seven element LPDRA array compared to five elements and three elements
LPDRA array results in a wide impedance bandwidth. A comparison in performance
of the array in terms of bandwidth and gain based on the number of resonators is
given in Table 3.1.
Table 3.1: Comparison of the performance (bandwidth and gain) of LPDRA based
on the number of resonators in the array.
Number of Resonators Bandwidth (%) Gain (dBi)
3 9 8.3
5 35 10.6
7 46 11.4
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Figure 3.4: VSWR curves of the branched microstrip line fed LPDRA array with
different number of dielectric resonator elements.
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Figure 3.5: VSWR curves of the branched microstrip line fed LPDRA array with full
ground plane and partial ground plane.
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The array with seven elements is providing 46% of impedance bandwidth covering
the frequency range 11.4 - 18 GHz with 11.4 dBi of gain. The VSWR vs frequency
characteristic of LPDRA array for different number of elements (three, five and seven)
is shown in Figure 3.4.
This LPDRA array is designed with a partial ground plane to achieve enhanced
bandwidth. A parametric study for LPDRA array with full ground plane and with
a partial ground plane has been shown in Figure 3.5. For LPDRA array with full
ground plane, the impedance bandwidth ranges up to 17 GHz (39.4%) whereas for
partial ground plane, the desired bandwidth is up to 18 GHz (46% for VSWR ≤ 2).
The gain of the LPDRA array depends on the value of scaling factor (τ). Any
variation in τ value affects the gain of the array. Table 3.2 gives a comparison in
performance of the array based on the values of scaling factor τ . The proposed
LPDRA array is providing 11.4 dBi of gain for scaling factor 1.05.
Table 3.2: Comparison of the performance (bandwidth and gain) of LPDRA based
on the value of scaling factor.
Scaling factor (τ) Bandwidth (%) Gain (dBi)
0.9 35 8.89
0.95 35 9.42
1 27 10.05
1.05 46 11.4
1.1 34 8.96
Table 3.3: Comparison of the performance (bandwidth and gain) of LPDRA based
on the relative permittivity of dielectric material.
Relative permittivity (ǫr) Bandwidth (%) Gain (dBi)
2.1 46 11.4
6 48 10.7
9.8 47 10.04
10 47 11.2
10.2 47 11.06
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Figure 3.6: Simulated VSWR curve of the branched microstrip line fed LPDRA array.
The bandwidth and gain of the LPDRA array are also affected by the change in
the dielectric constant of the resonating material. Table 3.3 illustrates a comparison
in performance of the array in terms of bandwidth and gain based on the relative
permittivity of the dielectric material. There is a small variation in bandwidth and
gain of the array with different types of dielectric material. The LPDRA array with
Teflon ( ǫr =2.1) is providing 11.4 dBi of high gain.
In Figure 3.4, it has been perceived that the bandwidth of the DRA directly
influenced by the number of elements used in the array. Compared with the bandwidth
of 3 and 5 elements, 7 elements LPDRA array is giving desired bandwidth. Finally,
the simulated VSWR curve of the 7 element LPDRA with scaling factor 1.05 is shown
in Figure 3.6. The resulted bandwidth is found as 46%.
The real and imaginary parts of input impedance curves and the smith chart of
the LPDRA array have been presented in Figure 3.7 (a) and (b). From the figures, it
has been observed that the average input impedance for the array is 52.77 ohm which
is approximately equal to 50 ohm.
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Figure 3.7: Simulated Input Impedance curves of the branched microstrip line fed
LPDRA array: (a)real and imaginary part and (b) smith chart.
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(a)
(b)
(c)
Figure 3.8: Simulated electric field distributions of branched microstrip line fed LP-
DRA array at 15 GHz in: (a) seven elements LPDRA array, (b) two consecutive
resonators and (c) single resonator.
The electric field distributions of LPDRA array have been monitored to verify the
resonant mode in the dielectric resonators as described in Chapter 2. The simulated
results for electric-field distribution at 15 GHz are shown in Figure 3.8. The field
distributions represent TEδ11 (0 < δ ≤ 1) mode in the resonators of the array, which
is the lowest modes of rectangular DRA [21].
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Figure 3.9 displays the simulated co-polar and cross polar radiation patterns for
both E and H-planes at 14 GHz and 16 GHz. The H-plane radiation patterns are al-
most omnidirectional and the E-plane radiation patterns are in the broadside direction
against frequency. The cross polar rejection is below -20 dB.
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Figure 3.9: Simulated co-polar and cross-polar radiation patterns of LPDRA array.
(a)H-plane at 14 GHz, (b) E-plane at 14 GHz, (c)H-plane at 16 GHz and (d) E-plane
at 16 GHz.
Dielectric resonator antenna can be superior to microstrip antenna in some cases
as it has negligible metallic loss and high efficiency at microwave frequencies. Due to
low loss of the dielectric materials, DRAs offer a high radiation efficiency as well as
high gain in contradiction of microstrip antenna.
Figure 3.10 presents the gain versus frequency plot of the log periodic antenna with
dielectric resonators and without dielectric resonators which confirms that within the
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desired band the gain of DRA is better than the gain of microstrip antenna. In case
of log periodic microstrip patch antenna (LPMPA), a wide band with less radiation
efficiency and low gain can be achieved due to more conductor losses in comparison
to LPDRA array.
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Figure 3.10: Simulated Gain of Log Periodic antenna with dielectric resonator and
without dielectric resonator.
The gain characteristics of LPDRA array vary nearly log periodically in the range
of 9.2-11.4 dB with 96% of simulated antenna efficiency whereas in log periodic an-
tenna without dielectric resonators (LPMPA), gain varies from 8.5-10.25 dB with less
radiation efficiency.
k-β Analysis
The Propagation characteristic of LPDRA array can be derived from the Equation
(3.25) and (3.26). The k-β diagram for the branched microstrip line fed LPDRA array
is given in Figure 3.11. The resonance in LPDRA array starts at kc ≈ 0.24. It can be
seen from the figure that the log periodic array is resonating beyond this point with
less attenuation.
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Figure 3.11: k-β diagram of LPDRA array.
3.2.4 Experimental Verifications
The designed LPDRA array is fabricated with Teflon on a dielectric substrate FR4
(ǫr = 4.4, tan δ = 0.0024 , h =1.6 mm) and experimentally studied.
The VSWR measurement of the fabricated LPDRA array is performed by using
an Agilent 8720B network analyser and the radiation performance has been measured
in the anechoic chamber at Advanced Microwave Laboratory, I.I.T., Roorkee.
The photograph of fabricated LPDRA array is shown in Figure 3.12. From the
figure, an airgap can be observed between the largest DR element and the ground. The
introduction of air gap between the DR elements and the ground plane can increase
the impedance bandwidth of the antenna (as described in chapter 2). Further increase
in introduction of air gap can results in an enhancement of bandwidth with some back
lobes. In this proposed LPDRA array with seven DR elements, the airgap has been
introduced only in between the largest DR element and the ground plane to enhance
the bandwidth with less back radiation.
Figure 3.13 shows the simulated and measured VSWR curves. Any changes in the
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dimension will affect the resonant frequency of the antenna. It provides a wideband
with 46% of impedance bandwidth covering the frequency range of 11.4-18 GHz with
VSWR ≤ 2.
(a)
(b)
Figure 3.12: The prototype of the fabricated branched microstrip line fed LPDRA
array. (a)Front view, and (b) Rear view.
The simulated and measured VSWR results of the proposed LPDRA array shows
a good matching with slight discrepancies at some frequencies which may be mainly
due to errors in the fabrication process or it may be due to the mismatching between
the connector and the antenna feeder. The fabricated LPDRA array in the anechoic
chamber has been shown in Figure 3.14.
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Figure 3.13: Simulated and measured VSWR curves of branched microstrip line fed
LPDRA array.
Figure 3.14: Far field measurement of branched microstrip line fed LPDRA array in
anechoic chamber.
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Figure 3.15: Measured co-polar and cross-polar radiation patterns of LPDRA array.
(a)H-plane at 14 GHz, (b) E-plane at 14 GHz, (c)H-plane at 16 GHz and (d) E-plane
at 16 GHz.
Figure 3.15 presents the measured far-field radiation patterns of the proposed
antenna in H-plane and E-plane (both co-polar and cross polar) at the operating
frequency bands of 14 GHz, and 16 GHz. The presence of nearly omnidirectional
radiation in the H-plane and broadside radiation in the E-plane can be observed in
the results. The measured far field H-plane radiation patterns of the LPDRA array
are almost same for all frequencies. The measured cross polar rejection is below -20
dB.
The measured radiation patterns in Figure 3.15, are normalized for setting the
maxima at 0 dB. Good agreement has been found between the simulated and measured
values of radiation patterns at two distinct operating frequencies which validate the
proposed design. Some difference between the simulated and measured field patterns
49
Chapter 3 Branched Microstrip line fed LPDRA
may be attributed due to the alignment error and possible presence of interference
and noise.
The measured gain curve of the array is presented in Figure 3.16. The proposed
array offers measured peak gain of 11.2 dBi at 12.8 GHz.
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Figure 3.16: Measured Gain of branched microstrip line fed LPDRA array.
From the RF power generator 15 dBm of power is given to the transmitter horn
antenna. The distance between the transmitter and receiver is kept at 1.5 meter. The
gain of the LPDRA array is calculated by using the substitution method (as explained
in Appendix A) with the help of the standard calibrated gain horn antennas (reference
antenna) working in the 8-12 GHz and 12-18 GHz. About 0.5 dB of difference is
observed between the simulated and measured gains which could be attributed from
fabrication and measurement errors. Connectors and other devices such as cables
also cause some signal losses. Also the spurious radiation at the connector/antenna
junction can affect the radiation pattern and gain of the antenna.
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3.3 Summary
A wideband seven element branched microstrip line fed LPDRA array with high
radiation efficiency has been designed in this chapter. The LPDRA array has been
introduced to achieve significant wide bandwidth with low conductive losses. The
array design encompasses a low cost dielectric material (Teflon) with permittivity
(ǫr) of 2.1 for ease in the fabrication of arrays. A good agreement between simulated
and measured results has been found. The VSWR matching is better than 2:1 in the
working bandwidth. With both input match and radiation efficiency consideration,
the bandwidth of this antenna is 46% with VSWR less than 2. This array design is
used to resonate over a wide range of frequency 11.4-18 GHz with high gain nearly
10-11 dB. The maximum efficiency of the proposed antenna is 96%. This LPDRA
array can be used in satellite communication systems for Ku band applications.
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Capacitive Coupled Log Periodic Dielectric
Resonator Antenna in X-Band
4.1 Introduction
Now-a-days, the communication systems operating in X-band are becoming more
prevalent. Satellite communication requires small and light weight antenna with less
metallic losses and broadband facilities. The frequency range of X-band has covered
approximately 7.0-11.2 GHz for communication engineering applications.
Varieties of antenna arrays are designed by a number of researchers for X-band ap-
plications. A phased array antennas based on Substrate-Integrated Waveguide (SIW)
structure for X-band satellite communication is investigated for Right-Handed Circu-
lar Polarization (RHCP) with multi-layered fabrication [93]. A dual-frequency, dual-
polarization array antenna is developed for S-Band and X-Band airborne applications,
where a multilayer structure is adopted for dual-band operation [94]. The antenna
arrays for the two frequencies are separated on different layers and the X-band array
used a series-fed configuration to save the space of the feeding-line network. However,
these antennas can be seldom used because of the complex circuitry structure. With
the increase in demand of compactness and low metallic losses, it is appropriate to
implement a simple and compact DRA array design to offer an improved performance.
Therefore, efforts were made to devise alternative LPDRA array design which could
provide acceptable wideband with enhanced performances.
In the previous chapter, a branched microstrip line fed LPDRA array is presented
for Ku-band applications. In some applications, the concept of achieving wide band-
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width by utilizing an LPDRA array with branch feeding leads to excitation difficulties
and the feed line can introduce some losses. However, if a series feed is used, these
problems can be overcome. The dielectric resonators can in principle be etched on the
same substrate as the feed line and the resonators are capacitive (directly) coupled
to the feed line [4].
An LPDRA array excited by a series fed microstrip line is designed in this chapter.
The designed LPDRA is fabricated and measured to verify the simulated results. The
resultant bandwidth covers the desired frequency range for X-band applications. The
measured VSWR, gain and radiation patterns at different frequencies are presented.
The antenna design and detail results of the proposed LPDRA array are discussed in
the following sections.
4.2 Log Periodic Dielectric Resonator Antenna Ar-
ray with microstrip series feed line
An LPDRA array with microstrip series feed line is designed, simulated, fabricated
and practically tested. The elements of the array are directly coupled to the feed
line which results in more compact and low loss DRA array. The volume and weight
of the array can also be reduced by using this series microstrip line feeding. This
array is developed to achieve wide bandwidth with low conductor loss for X-band
applications.
4.2.1 Antenna Geometry
This section elaborates the design of the seven elements LPDRA array. Figure 4.1
shows the antenna configurations of the proposed LPDRA array. The LPDRA array
consists of seven Dielectric Resonators (DRs) of rectangular cross-section arranged in
a log periodic fashion. The DRs are made up of Teflon ( ǫr= 2.1), a dielectric material
with low relative permittivity.
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(a)
(b)
Figure 4.1: The Geometry of Seven element LPDRA with microstrip series feed line.
(a)Front view, and (b) Side view.
The proposed array is excited by capacitive coupled microstrip line feeding. The
DRs are directly coupled to the microstrip feed line, dimensioned as 80×2.5 mm2.
All the resonators along with the feed line are etched on the same FR4 substrate
measuring ≈ 80 mm long by 30 mm wide with a relative permittivity of 4.4 and a
thickness (T) of 1.6 mm. The array is fed at the end of the structure having smallest
resonators and the maximum radiation is towards this end. The far end of the feed
line is terminated with an open circuit. On the rear side of the substrate, a finite
ground plane with dimension 74 × 30 mm2 is partially printed. The resulting air gap
between the resonator and the ground plane helps to reduce the Q-factor of LPDRA.
The basic design of the array is similar to that of a normal log periodic array.
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The resonators of the array are arranged at 1800 phase shift from one another. The
resonators with Length (L), Width (W), Height (H) and Spacing (S) between res-
onating elements along the array are varied by scaling factor (τ) [83,95]. Usually, the
value of τ and relative spacing (σ) depends upon the gain of the desired applications
which can be directly chosen from Carrel’s table [17, 18]. The preferred τ value for
this design is 0.96.
The elements of a typical log periodic antenna are arranged in ascending order
starting from the feeding end towards the far end of the antenna which lies within an
angle 2αd as shown in Figure 4.2.
Figure 4.2: Typical Log Periodic Antenna configuration.
The design parameter αd is expressed by Equation (3.4). Generally, 10
0 ≤ αd ≤ 450
. The value of τ starts to decrease with the increase of αd. The designed bandwidth
can be expressed in terms of B0 (desired bandwidth) and Br (active region bandwidth)
using Equations (3.5) to (3.7).
The dimensions of each DR elements are varying log periodically from one end to
another. When the dimensions of larger resonators (L, W, H and S) are multiplied by
τ , it scales into itself where the larger resonator m+1 becomes m, resonator m becomes
m-1, which implies that the array will have the same electrical characteristics at all
frequencies that are related by τ .
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In this LPDRA array with series fed microstrip line, the dimensions of largest
resonators are always related to lowest frequency and can be found out by using
Equations (4.1) to (4.3) where the smallest resonator’s dimensions are associated
with the highest frequency of the band.
L =
λmax
4
(4.1)
λmax =
c
fmin
√
εr
(4.2)
where λmax is the wavelength of the lowest frequency (fmin), c is the speed of light
in free space and ǫr is the relative permittivity of the dielectric resonator.
W = 0.8× L (4.3)
W < S ≤ τ.L (4.4)
Equation (4.4) can be used to find the spacing between the adjacent resonators.
As the τ value for this design is 0.96 (<1), so the dimensions of the other dielectric
elements can be calculated by using Equation (4.5).
τ =
Lm
Lm+1
=
Wm
Wm+1
=
Hm
Hm+1
=
Sm
Sm+1
(4.5)
Table 4.1: Dimensions of the LPDRA elements.
Dielectric Resonators (Largest to Smallest) L (mm) W (mm)
DR7 12.3 9.8
DR6 11.81 9.41
DR5 11.33 9.03
DR4 10.88 8.67
DR3 10.45 8.32
DR2 10.03 7.99
DR1 9.63 7.67
In the proposed LPDRA, the dimensions of the largest element is 12.3 mm length,
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9.8 mm width and 3 mm height with center to center spacing (S) between two res-
onators being 11.3 mm. The dimensions of other DR elements are scaled by τ as
depicted in Table 4.1. The overall dimension of the array is 80 × 30 mm2. This
antenna design can be used to achieve wide bandwidth with high gain and broadside
radiation patterns.
4.2.2 Simulation Results
A capacitive coupled LPDRA array for X-band applications has been designed and
simulated using CST Microwave Studio suite 2012. The simulated results of the
array in terms of bandwidth, VSWR, input impedance, radiation pattern, gain and
propagation characteristics are studied and analysed.
The VSWR characteristics of LPDRA for different number of array elements (five,
six and seven) have been shown in Figure 4.3. It has been observed that among all
arrays, the array with seven dielectric resonators cover wide impedance bandwidth.
So, for further investigations of LPDRA characteristics, LPDRA with seven dielectric
resonator is selected.
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Figure 4.3: VSWR curves of capacitive coupled LPDRA for variation in number of
dielectric resonators of array.
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Figure 4.4: Simulated VSWR curve of capacitive coupled LPDRA.
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Figure 4.5: Input Impedance curve of capacitive coupled LPDRA.
The simulated VSWR curves of LPDRA array with seven elements are shown
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in Figure 4.4. The bandwidth of the array covers the desired frequency range of
6.2 to 12.2 GHz for X-band applications. The proposed array offers an impedance
bandwidth of 65.2% for VSWR ≤ 2.
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Figure 4.6: Simulated Radiation Patterns of capacitive coupled LPDRA. (a) H-plane
at 7 GHz, (b) E-plane at 7 GHz, (c) H-plane at 8 GHz, (d) E-plane at 8 GHz, (e)
H-plane at 10.5 GHz and (f) E-plane at 10.5 GHz.
59
Chapter 4 Capacitive Coupled LPDRA
The input impedance curve of the LPDRA array has been presented in Figure 4.5.
The real part of the input impedance at the resonant frequencies of the LPDRA is
found to be nearly 50Ω providing very good impedance matching to 50Ω microstrip
feed line whereas the imaginary part of input impedance is almost zero at resonant
frequencies.
The far field radiation patterns of the proposed LPDRA array are varying strongly
with frequency. Figure 4.6 illustrates the simulated H-plane and E-plane (co-pol and
cross-pol) radiation patterns at 7 GHz, 8 GHz and 10.5 GHz. The H-plane patterns
are almost omni directional whereas the E-plane radiation patterns are altered with
the change in frequency. The cross-pol level is below -20 dB.
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Figure 4.7: Simulated Gain curve of capacitive coupled LPDRA.
The gain of the proposed LPDRA is investigated. Figure 4.7 shows the simulated
gain of LPDRA array against frequency. The proposed array offers an average gain
better than 7 dBi over the entire frequency band. The simulated antenna efficiency
of the array is found as 94.8%.
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k-β Analysis
The k-β diagram for the LPDRA array is plotted in the Figure 4.8. The capacitive
coupled LPDRA array gives a good log-periodic action. This log periodic DRA array
is resonating beyond k ≈ 0.13.
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Figure 4.8: k-β diagram of capacitive coupled LPDRA.
4.2.3 Experimental Verifications
The photographs of the prototype LPDRA array are shown in Figure 4.9. The VSWR
curves are plotted in Figure 4.10. The simulated VSWR result is compared favourably
with the physically measured values. It shows a good agreement between simulated
and measured results. The -10 dB measured impedance bandwidth is 6.2-12.2 GHz.
The proposed array covers the X-band for communication applications. The VSWR
measurement of LPDRA is taken by using an 8720B Agilent Network Analyser. The
gain and radiation pattern measurements are taken in an anechoic chamber. The
fabricated LPDRA array in anechoic chamber is shown in Figure 4.11.
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Figure 4.9: The Photographs of Fabricated capacitive coupled LPDRA. (a)Front view,
and (b) Rear view.
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Figure 4.10: Simulated and measured VSWR curves of capacitive coupled LPDRA.
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Figure 4.11: Capacitive coupled LPDRA in anechoic chamber.
The measured E-plane and H-plane (co-pol and cross-pol) radiation patterns at 7
GHz, 8 GHz and 10.5 GHz are shown in Figure 4.12. The radiation patterns for the
array are normalized by setting the maxima at 0 dB. The measured H-plane patterns
are almost omni directional at low frequencies but at 10.5 GHz it has some incon-
sistencies. The measured E-plane radiation patterns are nearly broadside direction.
The measured cross-polar rejection is found below -20 dB.
Figure 4.13 displays the measured gain of the array for the entire band. The
measured peak gain is 9.2 dBi. There are some discrepancies in measured results
in compared to simulated results. This may be due to the manual placements of
dielectric resonators over the substrate or the connector losses. Overall, the result
exhibits a reasonable agreement.
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Figure 4.12: Measured Radiation Patterns of capacitive coupled LPDRA. (a) H-plane
at 7 GHz, (b) E-plane at 7 GHz, (c) H-plane at 8 GHz, (d) E-plane at 8 GHz, (e)
H-plane at 10.5 GHz and (f) E-plane at 10.5 GHz.
64
Chapter 4 Capacitive Coupled LPDRA
7 8 9 10 11 12
5
6
7
8
9
10
 
 
G
ai
n 
(d
Bi
)
Frequency (GHz)
Figure 4.13: Measured Gain curve of capacitive coupled LPDRA.
4.3 Summary
In this chapter, a wideband log periodic LPDRA array has been investigated. This
LPDRA array is excited by series fed microstrip line and the resonators are directly
coupled to the feed line which reduces the further losses in the array. The parametric
studies have been performed to observe the effect of a number of elements in the array.
The simulated and measured VSWR result of the LPDRA array shows a good approx-
imation. The impedance bandwidth of the proposed antenna is found to be 65.2%
(6.2 to 12.2 GHz) for 2:1 VSWR. Experimental as well as the simulated results con-
firm the wideband property of the proposed array with nearly stable omnidirectional
radiation patterns over the entire frequency band of interest. The obtained measured
E-plane radiation characteristics at different frequencies are in broadside direction.
The LPDRA has a peak gain about 9.2 dBi. The simulated antenna efficiency of the
array is 94.8%. For further understanding the propagation characteristics of the pro-
posed antenna, a k-β diagram is presented. These features make this LPDRA array
attractive for X-band satellite communication systems and RADAR applications.
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CHAPTER 5
Electromagnetically Coupled Log Periodic
Dielectric Resonator Antenna for Wideband
Applications
5.1 Introduction
The strong reliability, high data-rate and robustness are favourable features of wireless
and satellite communication systems. However for these applications, there is a severe
necessity of small sized antenna arrays with light-weight, low loss and low power han-
dling capacity, while simultaneously requiring the multi resonant wideband radiation
functions using the same antenna. Many progresses on wideband compact anten-
nas have already been achieved. A dual-polarized wideband Short Backfire Antenna
(SBA) excited by a hybrid configuration of waveguide and ortho-mode transducer
is designed for mobile satellite communications and Wireless Local Area Network
(WLAN) applications [96]. A compact wideband balanced mobile handset antenna
is presented which covers Digital Communication System (DCS), Personal Commu-
nication System (PCS), Universal Mobile Telecommunication System (UMTS) and
WLAN applications [97]. Moreover, the necessity for wideband antenna is continuing
importance in the field of wireless communication, radar and satellite communica-
tion systems. Due to the advantages such as compactness, high efficiency and high
integration ability, LPDRA arrays can be used for wideband applications.
In this chapter, a wideband LPDRA array design with yet another type of feed is
considered. The proposed electromagnetically coupled LPDRA array design consists
of seven dielectric resonators of rectangular shape with multilayer substrate. The
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elements of the array can be directly coupled to the microstrip line without using
another layer of substrate but in that case, the LPDRA array design (with a sin-
gle layer of substrate) has to face improper matching due to the higher inductive
effect. One additional layer of substrate compensates the inductive effect. This will
exhibit better flexibility of coupling as well as proper matching of the DRA elements
with feeding [91]. The LPDRA array design, simulation studies of the array and the
experimental verifications of the results are elaborated in the following sections.
5.2 Log Periodic Dielectric Resonator Antenna Ar-
ray with Overlaid Microstrip Feed Line
The main objective of this LPDRA array design is to achieve wide bandwidth by
using electromagnetically coupled overlaid DRAs. This feeding method is provides
greater flexibility of the coupling and significantly simplifies the array design. The
LPDRA array with overlaid resonators has multilayer configuration, where the DRAs
and microstrip feed line are in different layers. This feeding circuit provides sufficient
isolation between the DRs and the feed circuit, which reduces the surface wave losses.
5.2.1 Antenna Geometry
This LPDRA array design consists of dual layers of substrate with the same width,
same height but different length. The DRAs of different widths and lengths are
mounted on the top of the upper substrate and a partial ground plane is fabricated
on the rear side of the lower substrate. A microstrip feed line is printed on the
lower substrate as shown in Figure 5.1 (a). The coupling between the DRAs and the
microstrip feed line is controlled by the width ‘d’ as shown in Figure 5.1 (b).
All the resonators are electro-magnetically coupled, which makes the LPDRA
array design simpler [9]. In this design, the DRs are the radiating portion of the
array which have low loss and moderate gain with good efficiency for high frequency
applications. In a log periodic DRA array, the resonator’s length, width, height and
spacing between resonating elements along the array vary by a scaling factor (τ).
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(a)
(b)
Figure 5.1: Electromagnetically Coupled LPDRA. (a) Top view and (b) Schematic
view.
An analytical study has been carried out on seven element LPDRA array design.
The design of the proposed antenna initializes with the τ and σ (relative spacing)
values depending upon our desired gain, which has been chosen from Carrel’s table
[91]. For the proposed antenna, the value of τ is chosen as 0.96 and the related σ
value can be obtained by using Equations (3.2) and (3.3) [91].
The length, width, height and spacing of the array elements are graduated loga-
rithmically from one end to the other in such a way that certain dimensions of adjacent
elements allow a constant ratio to each other. As the design ratio τ for this LPDRA
is 0.96 which is less than 1, so the length (L), width (W), height (H) and spacing (S)
between the DRA elements are given by Equation (4.5) [83, 91]. The designed band-
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width can be expressed in terms of B0 (desired bandwidth) and Br (active region
bandwidth) using Equations (3.5) to (3.7).
According to Equation (4.5), the dimensions (L, W, H and S) of each dielectric
resonator vary log periodically from one end to another. The dimensions of the largest
element are always associated with the lowest frequency whereas the smallest element
dimensions are related to the highest frequency. If Lm+1 is the length of largest element
(m+1) and λmax is the maximum wavelength with the lowest frequency (fmin), then
Lm+1 can be realized by
Lm+1 =
λmax
4
(5.1)
where
λmax =
c
fmin
√
εr
c = speed of light in free space.
ǫr = Relative permittivity of dielectric resonator.
After resolving the value of length, the other dimensions associated with the largest
element such as width (Wm+1), height (Hm+1) and spacing between elements m+1
and m (Sm+1↔m) can be achieved as shown below,
Wm+1 = 0.8× Lm+1 (5.2)
Sm+1↔m = τ × Lm+1 (5.3)
The elements of the log periodic DRA array are made up of Teflon dielectric
material with relative permittivity ǫr = 2.1. In this proposed array design, the DRs
are supported by double layers of inexpensive FR4 substrate with relative permittivity
(ǫs) 4.4 where, the thickness of each substrate layer is 1.6 mm. The upper substrate of
the array is of 74 mm length (Lus) and 30 mm width (Wus) while the lower substrate
has the same height and width with 80 mm length. The rear side of the lower substrate
is having a partially printed ground plane dimensioned as 74 mm × 30 mm. The array
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is excited by an overlaid microstrip line feeding with a center aligned feed line of length
(Lf ) 80 mm and width (Wf ) 2.5 mm. The largest dielectric resonator is of length
(L) 12.3 mm, width (W) 9.84 mm and height (H) 3 mm with 11.8 mm of center to
center spacing (S) between the two elements. The dimensions of the other dielectric
resonators are scaled by τ as shown in Figure 5.1 (a) and (b). Since the resonant
frequency and the radiation resistance depend primarily on the dielectric resonator’s
dimension and slightly influenced by the substrate thickness, the height of both the
substrate layer and feed line are kept constant. The overall dimension of the array is
80 mm × 30 mm.
5.2.2 Simulation Results
In this chapter, a seven element LPDRA array with 0.96 scaling factor has been
designed and analyzed using CST microwave studio suite 2012. Different character-
istics such as S-parameter, input impedance, far field radiation patterns, gain and
propagation characteristics of the proposed array are presented.
A parametric study on LPDRA array with different number of dielectric resonators
(five, six and seven) has been given in Figure 5.2. Among the VSWR curves for dif-
ferent number of elements, the curve with seven elements is covering wide bandwidth
compared to the VSWR curves for five and six dielectric elements.
In figure 5.2, the LPDRA array with seven resonators achieves 54% of impedance
bandwidth, the array with six elements are providing 52% impedance bandwidth
whereas 50% of impedance bandwidth is resulted by LPDRA with five elements. The
proposed log periodic array with seven resonators provides a wide bandwidth from 6.5
GHz to 11.3 GHz. The simulated VSWR plot for LPDRA array with seven dielectric
resonators is shown in Figure 5.3. The LPDRA array is providing a multi resonant
wideband.
The results of the log periodic DRA array also presenting a very good input
impedance values over the entire frequency range. The input impedance curves of the
proposed array are presented in Figure 5.4.
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Figure 5.2: VSWR curves of electromagnetically coupled LPDRA with different num-
ber of dielectric resonators.
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Figure 5.3: Simulated VSWR curve of electromagnetically coupled LPDRA.
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Figure 5.4: Input Impedance curves of electromagnetically coupled LPDRA.
6 7 8 9 10 11 12
4
5
6
7
8
9
10
 
 
G
ai
n 
(d
Bi
)
Frequency (GHz)
Figure 5.5: Simulated Gain curve of electromagnetically coupled LPDRA.
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The simulated gain plot of the LPDRA array is given in the Figure 5.5. Initially,
the simulated gain is increasing from the low frequency range towards high frequency.
At 9.9 GHz, the peak gain of the array is 8.8 dBi and then the gain value starts to
reduce. The overall gain of the array is better than 6 dBi within the operating band.
Figure 5.6 shows the simulated radiation patterns of LPDRA array. The E-plane
as well as H-plane patterns at different frequencies (7.5 GHz and 10.5 GHz) have been
studied. The H-plane co-pol radiation patterns are almost omnidirectional, whereas
the E-plane co-pol radiation patterns are in the broadside direction for high frequen-
cies. The simulated cross polar rejection for electromagnetically coupled LPDRA
array is below -30 dB. From the far field simulation, the simulated antenna efficiency
is found to be better than 83% within the overall band.
-30
-20
-10
0
0
30
60
90
120
150
180
210
240
270
300
330
-20
-10
0  
 
 
 Co-pol H-plane
(a)
-30
-20
-10
0
0
30
60
90
120
150
180
210
240
270
300
330
-20
-10
0
 
 
 
 Co-pol E-plane
(b)
-30
-20
-10
0
0
30
60
90
120
150
180
210
240
270
300
330
-20
-10
0  
 
 
 Co-pol H-plane
(c)
-30
-20
-10
0
0
30
60
90
120
150
180
210
240
270
300
330
-20
-10
0  
 
 E-plane at 10.5 GHz
(d)
Figure 5.6: Simulated co-polar and cross-polar radiation patterns of electromagneti-
cally coupled LPDRA. (a)H-plane at 7.5 GHz, (b) E-plane at 7.5 GHz, (c)H-plane at
10.5 GHz and (d) E-plane at 10.5 GHz.
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k-β Analysis
The propagation characteristic of LPDRA array is illustrated in Figure 5.7. The
LPDRA array achieves a good log-periodic action. At k ≈ 0.14, the array starts to
resonate and beyond this value of k, the array is radiating log periodically.
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Figure 5.7: k-β diagram of electromagnetically coupled LPDRA.
5.2.3 Experimental Verification
The photographs of the fabricated LPDRA array are shown in Figure 5.8. The VSWR
measurement of the fabricated LPDRA array has been carried out by using an 8720B
Agilent Network Analyzer. The gain and radiation pattern are measured in an ane-
choic chamber at Advanced Microwave Laboratory, IIT Roorkee.
The simulated as well as measured VSWR curves of the seven element frequency
independent LPDRA array with scaling factor 0.96 are plotted against frequency in
Figure 5.9. The simulated VSWR curve well approaches the measured curve. The
measured impedance bandwidth of the LPDRA array is 54% (6.5-11.3 GHz).
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(a)
(b)
Figure 5.8: Electromagnetically Coupled fabricated LPDRA. (a) Front view and (b)
Rear view.
The radiation patterns and gain measurement of the LPDRA array in an anechoic
chamber is shown in Figure 5.10.
The measured co-polar along with the cross-polar radiation patterns of the pro-
posed log periodic DRA array are given in Figure 5.11. The E-plane as well as H-plane
patterns at different frequencies (7.5 GHz and 10.5 GHz) have been studied.
The H-plane radiation patterns are almost omnidirectional, whereas the E-plane
radiation patterns are in the broadside direction for high frequencies. The simulated
cross polar rejection is below -30 dB whereas the measured cross polar rejection is
below -20 dB. The variation in the simulated and experimental results may be due to
some losses during the fabrication or the manual alignment of the dielectric resonators
over the substrate.
The fabricated prototype exhibits a minimum measured gain of 6 dBi (or better)
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over wideband frequency from 6.5 GHz to 11.3 GHz. The measured gain of the
antenna is shown in Figure 5.12. The measured peak gain of the array is 8.5 dBi at
9.8 GHz.
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Figure 5.9: VSWR curves of electromagnetically coupled LPDRA.
Figure 5.10: Gain and radiation pattern measurement of electromagnetically coupled
LPDRA in anechoic chamber.
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Figure 5.11: Measured co-polar and cross-polar radiation patterns of electromagneti-
cally coupled LPDRA. (a)H-plane at 7.5 GHz, (b) E-plane at 7.5 GHz, (c)H-plane at
10.5 GHz and (d) E-plane at 10.5 GHz.
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Figure 5.12: Measured gain of electromagnetically coupled LPDRA.
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5.3 Summary
In this chapter, a wideband LPDRA array has been studied. The proposed antenna is
based on recent developments of high efficiency DRA arrays and wideband log periodic
techniques. Seven rectangular shaped resonators of different dimensions are integrated
in a log periodic fashion. The dimensions of the adjacent resonators maintain a
constant design ratio (τ) with each other. The value of τ for the proposed array
is 0.96. An overlaid microstrip feed line is used to excite the log periodic array.
The dielectric resonators are electro magnetically coupled to feed line by using an
additional layer of substrate in between the microstrip line and resonators. This
additional layer of substrate helps in reducing the inductive effect which results in
proper matching of elements with feed line. The prototype of the designed antenna
has been fabricated as well as measured. The VSWR, input impedance, gain and
radiation patterns for the array have been reported. The log periodic array offers
54% bandwidth (6.5-11.3 GHz). It provides a peak gain of 8.5 dBi at 9.8 GHz. The
antenna efficiency of the array is better than 83%. The radiation characteristics at
different frequencies are in the broadside direction with an omnidirectional radiation
in the H-plane of the antenna. There is a good agreement between the simulated
and experimental results. This LPDRA array can be used in satellite communication
system for X- band applications.
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Nine Element Log Periodic Dielectric Resonator
Antenna
6.1 Introduction
The goal of this chapter is to explore the performance of Log Periodic Dielectric Res-
onator Antenna array with different types of dielectric material suitable for wideband
high frequency applications. The design and analysis of nine element LPDRA arrays
with overlaid microstrip line feeding are investigated. In this chapter, nine element
rectangular shaped dielectric resonators are arranged in a log periodic fashion to at-
tain electrical characteristics which will vary insignificantly with frequency over the
entire desired bandwidth.
The important design considerations throughout this chapter is investigating the
LPDRA array design by varying the dielectric material with different relative permit-
tivity values as well as studying the characteristics of the array for different values of
scaling factor ‘τ ’ to obtain wide impedance bandwidth.
Nine element LPDRA array designs using two different dielectric materials for
high frequency wideband applications are presented here. The first design describes
an analysis on LPDRA with dielectric resonators made up of ceramic materials having
a high relative permittivity value ( ǫr1 = 12). This LPDRA array has been designed
for K (18-26.5 GHz) and Ka-band (26.5-40 GHz), jointly known as NATO-K band.
The NATO-K band provides an increased spectrum compared to C-band and Ku-
band, enabling greater volumes of traffic to be transmitted. Another LPDRA array
with Teflon based dielectric material (relative permittivity, ǫr2 = 2.1) is designed and
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investigated for X-band applications. The signals for systems working in the lower
range of frequencies (X-band) suffer less from attenuation compared to the commu-
nication systems operating in higher bands. Therefore, these arrays are providing
improved range and better coverage. The design methodology of the LPDRA arrays
has been discussed and their results are presented in the following sections.
6.2 LPDRA Array with Dielectric Resonators of
high relative permittivity
The proposed DRA array is a nine-element log periodic array for NATO-K band ap-
plications. The LPDRA array is excited by overlaid microstrip line feeding. The
NATO-K band is a frequency band ranging from 18 to 40 GHz for Ultra High Fre-
quency (UHF) applications. This band is well suited to support the communication
applications require large amounts of high-throughput capacity which cannot be ob-
tained using C and Ku band frequency allocations alone.
6.2.1 Antenna Geometry
The LPDRA array including its excitation feed line is shown in Figure 6.1. The length,
width and spacing between the adjacent elements of a log periodic antenna increase
logarithmically from one end to the other. The schematic view of the Log Periodic
DRA array is shown in Figure 6.2. In the resonant approach, the microstrip line is
terminated in an open circuit, which creates a standing wave on the line where the
voltage maxima/minima of each wave are located at multiples of λg/2 from the open-
circuit location. The guided wavelength, λg can be approximated by using Equation
(3.1).
The proposed LPDRA array consists of nine elements of different length, width
and spacing. The radiators are excited by an inductive coupled overlaid microstrip
feed line to reduce the surface wave losses.
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(a)
(b)
Figure 6.1: The Log Periodic Dielectric Resonator Antenna with dielectric resonators
of high relative permittivity. (a) Top view and (b) Side view.
Figure 6.2: Schematic view of LPDRA with dielectric resonators of high relative
permittivity.
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The array is fed at the end of the structure having smallest resonators. The
length (L), width (W) of the dielectric resonators and the spacing ( S ) between the
two adjacent elements are graduated in such a way that certain dimension of adjacent
element sustains a constant ratio with each other. The length (L), width (W) and
spacing (S) between the DRA elements has been expressed by the Equation (3.9).
The value of L, W and S for all the elements are scaled log periodically. For the
design of the proposed LPDRA array, τ value is chosen as 1.05 and the value of σ is
obtained by using Equations (3.2) and (3.3).
As illustrated in Figure 6.1, the LPDRA array has been designed with nine dielec-
tric resonators of dielectric constant (ǫr1) 12 and height (H) of 3.2 mm with double
layered FR4 substrate (relative permittivity (ǫs)=4.4. The elements are arranged in
a log-periodic manner. All the resonators are placed on upper substrate. The dimen-
sions of upper substrate are 65 mm length (Lus), 30 mm width (Wus) and 1.6 mm
thickness (T) whereas the lower substrate is having the same width and thickness with
72 mm length. A partial ground plane dimensioned as 52 mm × 30 mm is printed on
the back side of the lower substrate.
Table 6.1: Dimensions of the elements of LPDRA array with dielectric resonators of
high relative permittivity.
Dielectric Resonators (Smallest to Largest) L (mm) W (mm) S (mm)
DR1 6.8 4.0 5.6
DR2 7.14 4.2 5.88
DR3 7.5 4.41 6.17
DR4 7.87 4.63 6.48
DR5 8.26 4.86 6.81
DR6 8.68 5.12 7.15
DR7 9.11 5.36 7.5
DR8 9.57 5.63 7.88
DR9 10.01 5.91 -
The smallest dielectric resonator of the array is dimensioned as length L = 6.8
mm, width W= 4 mm and spacing S = 5.6 mm. All the other dielectric resonator’s
dimensions are scaled by τ [91]. The dimensions (L, W and S) of LPDRA elements
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are given in Table 6.1. The displacement of the radiators from the center of feed line
is same for the whole array and equal to 1.25 mm. The overall length and width of
the array are 72 mm and 30 mm respectively.
The microstrip feed line offers an advantage of easy and cost-effective fabrication
of the DRA array. The proposed LPDRA array is excited by the overlaid microstrip
line feeding of length 72 mm and width 2.5 mm. The feed line is etched on the lower
substrate as shown in Figure 6.1. This antenna design can be used in radar and
satellite communication systems for NATO-K band applications.
6.2.2 Simulation Results
A LPDRA array for 18-40 GHz bandwidth has been designed and analyzed using CST
Microwave studio suite 2012. The results of the nine element array are discussed in
terms of bandwidth response, input impedance, radiation patterns, gain and propa-
gation characteristic. Parametric studies of the antenna with simulation based design
data are presented here. It has been found that the LPDRA array offers continuous
operation from 18 to 40 GHz bandwidth.
In case of LPDRA array, bandwidth variation can be realised by altering the
scaling factor τ . A parametric study has been carried out by varying the scaling
factor of LPDRA to achieve optimum antenna performance. Figure 6.3 shows the
VSWR plots with different values of scaling factor τ such as 0.95, 1.0 and 1.05. In
case of τ = 1.05, a wide bandwidth with VSWR ≤ 2 is observed.
The VSWR characteristics of LPDRA for different number of array elements (3, 5,
7 and 9) are shown in Figure 6.4. From the figure, it has been observed that among all
arrays, only the nine elements LPDRA array covers the desired impedance bandwidth
from 18-40 GHz for NATO-K band applications.
VSWR curves of the antenna array are shown in Figure 6.3 and 6.4. From Figure
6.3, it has been perceived that the array is not showing good performance with 0.95
scaling factor compared to scaling factor 1 and 1.05. The bandwidth of the LPDRA
array is also influenced by the number of elements used in the array design.
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Figure 6.3: Simulated VSWR curves of LPDRA for different values of scaling factors.
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Figure 6.4: Simulated VSWR curves of LPDRA for variation in number of elements
of the array.
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Figure 6.5: Simulated VSWR curve of LPDRA with nine dielectric resonators of high
relative permittivity.
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Figure 6.6: Input impedance curve of LPDRA with nine dielectric resonators of high
relative permittivity.
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Figure 6.7: Simulated E-plane and H-plane radiation patterns of LPDRA with dielec-
tric resonators of high relative permittivity. (a)18 GHz, (b) 24 GHz, (c)28.6 GHz,
(d)37.8 GHz and (e) 40 GHz.
Finally, a VSWR curve of the nine-element LPDRA array with scaling factor 1.05
is shown in Figure 6.5. The resulted impedance bandwidth of the array is 76% (18-40
GHz). Any further change in the dimension can affect the resonance frequency of the
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antenna.
The overall VSWR covers the frequency range of 18-40 GHz (VSWR ≤ 2) which is
showing 76% of wider impedance bandwidth with low conductor loss. The simulated
antenna efficiency of the LPDRA array is greater than 95% throughout the entire
band.
The input impedance curves of the proposed antenna have been presented in Figure
6.6. The input impedance (resistance) at resonant frequencies of the LPDRA array
is providing very good impedance matching to 50 Ω microstrip feed line.
The far field radiation patterns of the proposed DRA array are varying strongly
with frequency. Figure 6.7 plots the radiation patterns at different frequencies (18
GHz, 24 GHz, 28.6 GHz, 37.8 GHz and 40 GHz). The E-plane radiation patterns are
in the broadside direction against frequency whereas the H-plane radiation patterns
are almost omnidirectional. The simulated cross-pol level is below -30 dB.
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Figure 6.8: Simulated gain of LPDRA with nine dielectric resonators of high relative
permittivity.
Figure 6.8 presents the gain versus frequency curve for the proposed LPDRA array.
The gain characteristics of LPDRA array vary log periodically between 6.97 dBi to 9.9
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dBi with a maximum at resonant frequencies and minimum in between the adjacent
resonant frequencies. The LPDRA array results in peak gain of 9.9 dBi at centre
frequency 28 GHz.
The value of peak directivity varies from 7.01-10 dB within the overall band. At
any frequency, the number of array elements contributing to the radiation is depen-
dent on the bandwidth of the individual radiators, and the scaling factor used in
constructing the array. Therefore, adding more elements does not increase the peak
gain. Instead, a reduction in peak gain is obtained, probably because the efficiency is
degraded when more elements are added.
k-β Analysis
Figure 6.9, displays the k-β diagram for the nine element LPDRA array with high
dielectric constant resonators. The inductive coupled LPDRA array with overlaid
resonators is well propagating beyond k ≈ 0.38. The array is showing good log-
periodic behavior.
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Figure 6.9: k-β diagram of LPDRA with dielectric resonators of high relative permit-
tivity.
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6.3 LPDRA Array with Dielectric Resonators of
low relative permittivity
In this section, a nine-element log periodic DRA array has been designed and inves-
tigated for X-band applications. There is a considerable risk to machine a ceramic
material into a number of small pieces. For ease of fabrication point of view, low cost
Teflon based dielectric resonators with low relative permittivity (ǫr2 = 2.1) is used.
6.3.1 Antenna Geometry
The geometry of the proposed LPDRA array is shown in Figure 6.10. The proposed
DRA Array consists of nine dielectric resonators having different dimensions. The
structure of the array and its feeding techniques are same as that of the nine elements
LPDRA array for NATO-K band applications as described in the previous section.
The scaling factor ’τ ’ used for this LPDRA array design is 1.05. The length, width
and spacing between the DRA elements are calculated by using Equation (3.9).
Figure 6.10: Basic Geometry of the proposed LPDRA with dielectric resonators of
low relative permittivity.
The height (H) of dielectric resonators is 3 mm. This array is supported by a
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double layered FR4 substrate with dielectric constant ((ǫs) of 4.4 with height (T) of
each sheet is 1.6 mm. The proposed antenna is an electromagnetically coupled array
which is excited by overlaid microstrip line feeding of length 80 mm and width 2.5
mm. The feed line is etched on lower substrate and all the resonators are located on
the upper substrate as shown in Figure 6.10. The upper substrate is dimensioned as
74 mm length ((Lus)) and 30 mm width ((Wus)) whereas the lower substrate is having
the same height, width and length of 80 mm. A partial ground plane of dimension as
74 mm × 30 mm is printed on the rear side of the lower substrate.
Table 6.2: Dimensions of the elements of LPDRA array with dielectric resonators of
low relative permittivity.
Dielectric Resonators (Smallest to Largest) L (mm) W (mm) S (mm)
DR1 8.63 5.8 6.1
DR2 9.06 6.09 6.4
DR3 9.51 6.4 6.714
DR4 9.99 6.71 7.05
DR5 10.48 7.05 7.4
DR6 11.01 7.4 7.77
DR7 11.56 7.77 8.16
DR8 12.14 8.16 8.57
DR9 12.74 8.57 -
The smallest dielectric resonator element is having length L= 8.6 mm, width W=
5.8 mm and spacing S=6.1 mm, whereas the dimension of other dielectric resonators
is scaled by τ . The dimensions of all the DR elements of LPDRA array are given
in Table 6.2. The distance of the radiators from the center of feed line is 1.25 mm.
The array is fed at the end with smallest resonators and the far end of the array is
terminated with an open circuit, which is shown in Figure 6.10. The overall length
and width of the array are 80 mm and 30 mm respectively.
6.3.2 Simulation Results
A frequency independent LPDRA for 6.3-11.2 GHz bandwidth has been designed and
simulated. The simulation studies for the proposed LPDRA array have been carried
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out by CST Microwave Studio suite 2012. The results of the nine element array are
discussed in terms of VSWR, radiation patterns, gain and propagation characteristics.
At any frequency, the number of array elements contributing to the radiation is
dependent on the bandwidth of the individual radiators and the scaling factor used
in constructing the array. Therefore, a parametric study is carried out by altering the
scaling factor of LPDRA to achieve optimum performance of the array. The simulated
VSWR with different values of scaling factor (such as 1.05, 1 and 0.95) is shown in
Figure 6.11.
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Figure 6.11: Simulated VSWR curves of LPDRA with dielectric resonators of low
relative permittivity for different values of scaling factors.
For τ = 1.05, a wide bandwidth (for VSWR ≤ 2) is observed which has been
shown in Figure 6.12. The simulated antenna efficiency of the array is 86% . The
input impedance curve of LPDRA array with dielectric resonators of low relative
permittiity is given in Figure 6.13.
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Figure 6.12: Simulated VSWR curve of LPDRA with dielectric resonators of low
relative permittivity.
6 7 8 9 10 11 12
-120
-90
-60
-30
0
30
60
90
120
 
 
In
pu
t I
m
pe
da
nc
e 
(O
hm
)
Frequency (GHz)
 Real part
 Imaginary Part
Figure 6.13: Input impedance curve of LPDRA with dielectric resonators of low
relative permittivity.
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k-β Analysis
Figure 6.14, shows the k-β diagram for the nine element LPDRA array with dielectric
material of low relative permittivity. The propagation characteristic of inductive
coupled LPDRA array is smoothly rising from k ≈ 0.135 and beyond this point the
array starts to propagate.
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Figure 6.14: k-β diagram of LPDRA with dielectric resonators of low relative permit-
tivity.
6.3.3 Experimental Verifications
The designed LPDRA array has been fabricated and measured for X-band applica-
tions. The VSWR measurement of the array is performed by using an 8720B Agilent
Network Analyser whereas the gain and radiation pattern measurements have been
carried out in an anechoic chamber. The fabricated LPDRA array has been shown in
Figure 6.15.
Figure 6.16 shows the simulated and measured VSWR plot of the nine element
frequency independent LPDRA with scaling factor (τ) 1.05 against frequency. The
proposed LPDRA array offers 56% wider impedance bandwidth for VSWR ≤ 2. The
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bandwidth covers a frequency range of 6.3-11.2 GHz for X-band applications in com-
munication engineering.
Figure 6.15: The prototype of the fabricated LPDRA with dielectric resonators of low
relative permittivity.
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Figure 6.16: Simulated and measured VSWR curves of LPDRA with dielectric res-
onators of low relative permittivity.
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These VSWR results exhibit reasonable agreement although there is a frequency
shift that can be attributed to reflection from SMA connector and some uncertainty
in the electrical properties of the substrate and dielectric resonators.
The measured impedance bandwidth of the LPDRA array is 56% covering the
X-band (6.3-11.2 GHz) which gives a good approximation. Figure 6.17 presents the
photograph of fabricated DRA inside an anechoic chamber. The measured results
of the proposed LPDRA array are showing a very good gain and radiation patterns
curves.
Figure 6.17: Measurement of LPDRA with dielectric resonators of low relative per-
mittivity: Fabricated LPDRA in anechoic chamber
Figure 6.18 plots the measured radiation patterns for E and H-planes at different
frequencies, 8.5 GHz and 10.5 GHz. The measured H plane radiation pattern at
low frequency is more omnidirectional in compared to high frequency. The E-plane
radiation patterns are in the broadside direction against frequency. The measured
cross-polar rejection is below -30 dB.
The gain curve for the proposed LPDRA array is shown in Figure 6.19. The gain
characteristics of LPDRA array are varying nearly log periodically between 6 to 8.3
dBi with a peak gain of 8.295 dBi at 9.75 GHz frequency.
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Figure 6.18: measured E-plane and H-plane radiation patterns of LPDRA with di-
electric resonators of low relative permittivity (measured cross polar rejection is below
-30 dB). (a)8.5 GHz, and (b) 10.5 GHz.
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Figure 6.19: Measured Gain curve of LPDRA with dielectric resonators of low relative
permittivity.
6.4 Summary
In this chapter, two new wideband LPDRA arrays are investigated. The nine elements
LPDRA array with different types of dielectric material are designed to explore its
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suitability for wideband high frequency applications.
A wideband LPDRA array is designed for NATO-K band (18- 40 GHz) applica-
tions. This array is designed with dielectric resonators of high relative permittivity ( ǫr
= 12). The significant achievements of this LPDRA array design are multi resonant
wideband at high frequency. This array provides high efficiency with less metallic
losses. With both input match and radiation efficiency consideration, the bandwidth
of the LPDRA array with resonators of high relative permittivity is 76% (18 - 40
GHz). The array is providing 95% of simulated antenna efficiency with peak gain of
9.9 dBi.
This array design with high dielectric constant material is suffering from some fab-
rication limitations. In this case, a ceramic material is used as a dielectric resonator.
For the fabrication of the DRA array, the dielectric resonators have to machine into
some desired shapes. As the ceramic materials have a tendency to chip or fracture, it
can be a risk to machine the ceramic DRs into small sizes.
For ease of fabrication, a wideband nine element LPDRA array with dielectric
resonators of low relative permittivity is designed by using low cost, easily available
Teflon based dielectric material ( ǫr = 2.1). Since Teflon based materials are not
prone to chipping so it is easy to machine the dielectric resonators into small pieces.
The simulated LPDRA is fabricated and experimentally investigated. The measured
performances of LPDRA array are in good agreement with the simulated results. This
array is providing impedance bandwidth of 56% (6.3 - 11.2 GHz). The maximum
gain of this LPDRA array is 8.3 dBi. The simulated antenna efficiency of the array
is better than 86%. The proposed LPDRA array covers the X-band for satellite and
communication engineering applications.
Both the nine elements LPDRA array designs can be used for wideband high
frequency satellite and RADAR applications.
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Conclusions and Future Work
The overall contributions of the thesis are briefly discussed in this chapter. Future
research problems are also outlined for further investigation on the same or related
topics. Some LPDRA array with different types of feeding techniques have been
designed, fabricated and experimentally verified to achieve better desired applications.
LPDRA arrays designed with the same feeding technique but using different dielectric
materials are also analyzed to explore the effect of dielectric material on this array.
7.1 Conclusions
In this thesis, investigation has been done on designing the log periodic dielectric res-
onator antenna arrays for wideband high frequency applications with reduced amount
of conductor losses. The effects of variation in feeding technique on the performance
of the log periodic DRA array such as bandwidth, radiation patterns and gain have
been studied. The performance of the LPDRA array with alteration in the number
of elements, dielectric materials, scaling factor are also verified.
The FIRST chapter of the thesis explains the motivation for carrying out this
work. The problem statements of the research work and the organization of the thesis
are also outlined in this chapter.
In the SECOND chapter some techniques to enhance the bandwidth of Dielectric
Resonator antenna have been discussed. One of the techniques to improve the band-
width is using a DRA array instead of single element DRA. The performances of the
DRA array such as bandwidth, radiation pattern, gain, efficiency can be further im-
proved by applying the log Periodic technique to DRA arrays. The Log periodic DRA
98
Chapter 7 Conclusions and Future Work
array has received advantages over single DRAs such as wideband with low metallic
loss, high efficiency etc. They also have low cross polarization levels, sufficient gain
and bandwidth for practical applications. Compared to microstrip antenna arrays,
LPDRA arrays have the flexibility in the feed design. Log Periodic DRA arrays have
their applications at microwave and millimeter wave communication and radar sys-
tems. Considering these advantages of the log periodic DRA array, efforts have been
given to investigate the behavior of log periodic dielectric resonator antennas with a
variation in different parameters.
In this thesis, the design of three LPDRA arrays with different feeding techniques
have been presented.
In the THIRD chapter, a LPDRA array excited by log periodic branched mi-
crostrip feed line is developed. This feeding technique results in better coupling of
energy in between the dielectric resonator and the feed line. The branched line fed
LPDRA array is providing 46% (11.4-18 GHz) of impedance bandwidth. The array
offers measured peak gain of 11.2 dBi. The maximum simulated radiation efficiency of
the LPDRA is 96%. The designed LPDRA array is suitable for Ku band applications.
A capacitive coupled log periodic dielectric resonator antenna array has been pre-
sented in chapter FOUR. The LPDRA array is excited by the series microstrip line
feeding to avoid the excitation difficulties and to reduce the losses due to branched
line feeding. In a capacitive coupled DRA array, all the dielectric resonators along
with the feed line are etched on the same substrate and the resonators are capaci-
tively or directly coupled to the feed line. The capacitive coupled LPDRA array offers
65.2% (6.2-12.2 GHz) of impedance bandwidth. The measured gain of the array is 9.2
dBi whereas the simulated radiation efficiency of the array is 94.8%. The proposed
LPDRA can be used for X-band applications.
A wideband electromagnetically coupled LPDRA array has been proposed and
illustrated in chapter FIVE. The LPDRA array is designed with overlaid microstrip
feed line. The LPDRA array has multilayer configuration where the dielectric res-
onators and feed line are etched on different layers of substrate. There is a sufficient
isolation between the dielectric resonators and the feed line which reduces the sur-
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face wave losses and hence offers a greater flexibility of coupling in the array. The
electromagnetically coupled LPDRA array gives 54% (6.5-11.3 GHz) of impedance
bandwidth with a measured peak gain of 8.6 dBi. The simulated antenna efficiency
of the array is 83% within the desired band.
The propagation characteristics of the above mentioned three LPDRA arrays with
different feeding techniques (branched feed line, capacitive coupled feeding and elec-
tromagnetically coupled feeding) have been verified by using k − β diagram. It has
been found that all the LPDRA arrays achieve a good log-periodic action. These
LPDRA arrays have been designed with seven dielectric resonators of low relative
permittivity (ǫr= 2.1). Since the electromagnetically coupled LPDRA array provides
greater flexibility of coupling and low surface wave losses, this feeding technique has
been selected for further study of the behaviour of log periodic array.
In chapter SIX, two nine element LPDRA arrays with overlaid microstrip feed line
have been designed. One of the LPDRA arrays is designed for NATO-K band (18-
40 GHz) applications using dielectric resonators of high relative permittivity (ǫr= 12)
and another LPDRA array has been designed for X-band application using dielectric
resonators of low relative permittivity (ǫr= 2.1).
The impedance bandwidth of the LPDRA array with resonators of high relative
permittivity is 76% (18 - 40 GHz). The array is providing 95% of maximum antenna
efficiency. The peak gain of the array is 9.9 dBi. On the other hand, the LPDRA
array with low relative permittivity material is providing impedance bandwidth of
56% (6.3 - 11.2 GHz) with a peak gain of 8.3 dBi. The array provides the simulated
antenna efficiency of better than 86%.
The LPDRA array with high dielectric constant ceramic material is found to
perform well for high frequency applications. It has some fabrication limitations
as the ceramic material has a tendency to fracture and so it can be risky to machine a
dielectric material into a number of small pieces with different dimensions. Both the
array designs are verified for variation in number of dielectric resonators and scaling
factor values.
In case of array design, the antenna performance depends on the number of ele-
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ments. In third, fourth and fifth chapters, the S-parameter or VSWR of all the seven
elements LPDRA array have compared with the array having less number of elements
(three or five or six) and it has been found that the seven element array is providing
better impedance bandwidth. In the sixth chapter, LPDRA arrays with nine elements
have been chosen to study the performance of the LPDRA for variation in the num-
ber of elements of the array. The nine elements LPDRA provides wideband for high
frequency application with low cross-polarization where the cross pol level is less than
-30 dB.
In log periodic antenna design, the scaling factor (τ) is the major design factor.
The characteristics of the array also depend upon the scaling factor. Thus a para-
metric study for LPDRA array has been performed for different values of scaling
factor. For all the designed antennas, measurement of antenna efficiency could not be
possible due to lack of sophisticated equipment. This research work has investigated
the usefulness of the log periodic dielectric resonator antenna array as well as their
applications for satellite and wireless communications.
7.2 Scope for Future Work
The research work on Log periodic dielectric resonator antenna array presented in the
thesis can be further extended in following ways.
In case of aperture-coupled feeding method, the dielectric resonators are directly
placed on the ground plane and hence there is no source of surface wave which con-
tributes to losses. Thus, the LPDRA array can be designed with an aperture-coupled
feeding method to provide sufficient isolation between the dielectric resonator and the
feed circuits which can provide better performance in the wideband frequency range.
There are various techniques for optimizing the performance indices of antenna
arrays. The performance of the Log Periodic DRA array may be optimized by im-
plementing suitable optimization techniques. The admittance matrix approach for
LPDRA array can be studied as well as the mutual impedance between the elements
of LPDRA array may be studied and analyzed.
Recently, reconfigurable antennas are in demand for compact size, cost efficiency,
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light weight and small dimension. In case of frequency reconfigurable antenna, similar
radiation pattern and gain can be achieved for all designed frequency bands as well
as it can reduce the adverse effects of co-site interference and jamming. Reconfig-
uration of antenna can be achieved by changing the frequency without varying the
whole dimension and structure of the antenna. Frequency Reconfigurable Antenna
has the ability to reconfigure the resonant frequency by changing the structure, while
the radiation patterns and polarization remain unchanged. Thus, a frequency recon-
figurable LPDRA array can be possible to design in future for wideband applications.
The polarization reconfigurable Log Periodic DRA array may be investigated through
the change in the structure of the array.
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Design Methodology
A.1 Introduction
The techniques used for design, fabrication and measurement of the proposed LPDRA
arrays are discussed in the following sections. The design and simulations of the
array are carried out using the CST Microwave Studio suite 2012. The simulated
antennas after detailed parametric analysis are fabricated using photolithographic
method. Network Analyzer is used to measure the S-parameter/VSWR characteristics
of the antenna. The gain and radiation patterns of the antennas are measured in
anechoic chamber.
A.2 Numerical and Analytical approaches
The following methods are commonly used in electromagnetic (EM) theory.
A.2.1 Analytical method (exact solution)
1. Separation of variables
2. Series expansion
3. Conformal mapping
4. Integral solution, e.g. Laplace and Fourier transformation
5. Perturbation methods
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A.2.2 Numerical methods (approximate solutions)
1. Finite difference method
2. Moment method
3. Finite element method
4. Transmission-line modeling
The principles of EM fields and waves are very important for the design and devel-
opment of antennas as key elements of any wireless communication system. The need
for numerical solutions of electromagnetic problems is the best expressed by Paris
and Hurd [98]; Most problems that can be solved formally (analytically) have been
solved. Until 1940s, the most EM problems were solved using well known Maxwell’s
equations. These equations describe all electromagnetic phenomena of different struc-
tures and configurations. They can be expressed in their either differential or integral
forms as given in equations (A.1 to A.8) [4].
A.2.3 Differential form
∇. ~D = ρv (A.1)
∇. ~B = 0 (A.2)
∇× ~E = −∂
~B
∂~t
− ~M (A.3)
∇× ~H = ~J + ∂
~D
∂t
(A.4)
A.2.4 Integral form
{
~D.d~s = Qenc (A.5)
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{
~B.d~s = 0 (A.6)
∮
~E.d~l = −∂φB
∂t
(A.7)
∮
~H.d~l = ienc + ǫ
∂φE
∂t
(A.8)
where the vectors ~E and ~H are the electric and magnetic field intensities and are
measured in units of [V/m] and [A/m], respectively. The vectors quantities ~D and ~B
are the electric and magnetic flux densities and are in units of [C/m2] and [Wb/m2].
The scalar quantities φE =
s
~D.d~S and φB =
s
~B.d~S are the electric and magnetic
fluxes and are in units of [C] and [Wb], respectively.
When the EM field problem is complex, an exact solution in a closed form may
be difficult to obtain and hence we should solve them by applying numerical tech-
niques. In this thesis, all proposed antenna structures are complex. Hence they can
be modeled using commercial simulation software programs which enable us to de-
sign, simulate, tune and optimize structure’s physical parameters to reach the best
design before fabricating prototypes. Currently, there are several numerical tech-
niques that can be used to solve the EM problems, such as the Finite Element (FE)
method [99], the Method of Moments (MoM) [100], the Finite Difference Time Do-
main (FDTD) [101] and the Finite Integration Technique (FIT) [102] etc. The first
two methods solve the EM problems in the frequency domain while the other two
methods use the time domain.
A.3 Simulation using Finite Integration Technique
The simulation models of the proposed LPDRA arrays are developed using Computer
Simulation Technologies Microwave Studio (CST MWS) suite 2012 simulation soft-
ware [103]. CST MWS is a tool for fast and accurate 3D electromagnetic simulation
of high frequency designs. CST MWS is based on the Finite Integration Technique
(FIT) [104] which is equivalent to FDTD. FIT is a time-domain numerical technique
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for solving Maxwell’s equations. Using the function of parametric study in CST MWS
simulation programs, the structure physical parameters can be tune and optimize to
obtain the best design before going to the fabrication process. CST MWS has differ-
ent kind of solvers not only a transient solver but also a frequency domain solver, an
eigen mode solver and an integral equation solver.
Figure A.1: Meshing of an antenna structure in CST MW studio.
Figure A.2: A single (a) hexahedral, (b) tetrahedral and (c) surface mesh element
used in CST MW Studio
In a transient or time-domain solver, the value of the vector electric ~E or magnetic
~H field quantities are computed through time at discrete spatial locations and at
discrete time samples. The maximum time step ∆t used in the simulation program
depends on the minimum mesh step size which can be determined by the density of
the mesh used in the meshing process of the whole structure. Therefore the program
takes more time to run simulation if the mesh is dense. Once the spatial mesh or
discretization is performed by the CST program, the finite integration method is
employed. CST has two different mesh types available, i.e. hexahedral and tetrahedral
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meshes. Another type of mesh used by the Integral Equation (IE) solver is called
surface mesh. Figure A.1 shows a single hexahedral tetrahedral and surface mesh
element used in CST program. For complex structures, CST uses a hexahedral mesh
in meshing or discretization because it is considered to be very robust. Other solvers
use a tetrahedral or surface mesh method. Figure A.2 shows the meshing based on
hexahedral shapes of an antenna structure in CST.
The finite integration technique converts the well-known Maxwell equations in
their integral form into set of discrete matrix equations called Maxwell grid equations
(MGE) as follows [104]:
Integral form ⇒ Matrix form
{
~D.d ~A =
y
v
ρvd~V =⇒ [S˜] = q (A.9)
{
~B.d ~A = 0 =⇒ [S]b = 0 (A.10)
∮
~E.d~l = −
y
A
∂ ~B
∂t
d ~A =⇒ [C]e = − d
dt
b (A.11)
∮
~H.d~l = −
x
A
[
∂ ~A
∂t
+ J
]
d ~A =⇒ [C˜]h = − d
dt
d+ j (A.12)
where [S˜],[S],[C] and [C˜] are square matrices represent the discrete curl and divergence
operators, respectively and their sizes depend on the problem geometry. ‘e’ and ‘h’
represent the electric and magnetic grid voltages and they are related to the electric
and magnetic fields according to e =
∫
∂A
~E.d~l and h =
∫
∂C˜
~H.d~l d and b are the electric
and magnetic facet flux vectors over the mesh cell.
The antenna geometry is obtained in CST by specifying the coordinates for each
point of the structure along with appropriate material specifications. The metalliza-
tions are specified as copper to precisely account for the losses. A finite metal with a
thickness of 0.05 mm is assigned in all the simulations. The substrates and dielectric
resonators can be assigned from either the in-built material data base or user-defined.
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For all the investigated designs FR4 (ǫs=4.4 ) as a dielectric substrate and Teflon (ǫr
=2.1 ) as a dielectric resonator are selected. The frequency sweep is then defined to
get solutions for all wanted frequencies and a waveguide port is assigned to excite the
antennas.
CST gives the user an option to choose from its pre-defined templates like, in
this case, the planar antenna template which automatically assigns the boundary
conditions, mesh type, mesh size etc. or it can as well be user-defined. From the
simulated results, the antenna parameters like S-parameter/ VSWR and the input
impedances are plotted as a function of frequency. The antenna geometry can then be
appropriately optimized for the desired S-parameter/VSWR. The gain and radiation
patterns of the array are also determined at the specified frequencies.
A.4 Antenna Fabrication and Measurements
All the antennas investigated in the thesis are fabricated using the photolithographic
technique and milling machine techniques. The photo lithographic technique is a
chemical etching process by which the unwanted metal regions of the metallic layer
are removed so that the intended design is obtained. The milling machine technique
refers to the removal of metal from the substrate using a tool which has several cutting
points and is rotating about its axis. The pieces of dielectric resonators (DRs) are
fixed at the appropriate position on the substrate using a permanent adhesive (epoxy).
The selection of a proper substrate and dielectric resonator is the essential part in
DRA design. The antennas are excited by using different types of feeding methods
with 50 ohm feed line. The setup for design methodology of LPDRAs is shown in
Figure A.3
A.4.1 S-Parameter/VSWR Measurement
The HP 872OB network analyser (NA) having range 130 MHz to 20 GHz is used
for S-parameter/VSWR measurement of all the LPDRAs. The specific port of the
analyzer should be calibrated prior to the measurement in the frequency range of
interest using the standard open, short and matched load. The antenna under test
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Figure A.3: Setup for design methodology of LPDRA.
(AUT) is connected to any one of the port of the NA. The bandwidth can be directly
obtained from the S-parameter data by noting the range of frequencies over which
the S-parameter is less than or equal to -10 dB. The range of frequency between the
2:1 voltage standing wave ratio (VSWR) points is the alternate way to obtain the
bandwidth of the antenna.
The frequency bandwidth of an antenna can be expressed in terms of either the
absolute bandwidth (ABW) or the fractional bandwidth (FBW). Assuming that the
antenna bandwidth has a lower edge frequency of fL, an upper edge frequency of
fH and a center frequency of fc. The ABW is defined as the difference between the
upper and the lower edge frequencies of operation while the FBW can be defined as
the percentage of the ratio between the absolute bandwidth and the center frequency.
ABW = fH − fL (A.13)
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FBW = ABW/fc = (fH − fL)/fc (A.14)
where the center frequency fc=(fH+fL)/2.
The band width of the antenna, usually expressed as the percentage of bandwidth
which is given as.
%BW = 2
[
fH − fL
fH + fL
]
× 100% (A.15)
A.4.2 Anechoic Chamber
The measurement of a test antenna should be taken in a free space environment to
avoid the interference. In a normal laboratory environment, the power reflected from
the walls and the various instruments of the laboratory may interfere with the power
radiated by the test antenna which results in performance degradation of the AUT.
The free space can be artificially created by an anechoic chamber. The anechoic
chamber is an acoustic free room to minimize the spurious signals during pattern
measurements. The chamber is constructed by covering the entire interior surface
of a room with microwave absorbers having good coefficient of absorption in the
frequency range of interest. The microwave absorbers are made up of pyramidal or
wedge shaped high quality polyurethane foam to avoid the EM reflections and results
in a good impedance matching for the radiation pattern measurement of AUT.
A.4.3 Radiation pattern Measurement
The antenna is kept inside the anechoic chamber for radiation pattern measurement.
The AUT and the standard transmitting antenna are connected to the ports of the
network analyzer. A wideband horn is used as a transmitter. The system automati-
cally undergoes through calibration prior to the measurement. The radiation patterns
of the antenna at multiple frequency points have been measured in a single rotation of
the test antenna. The entire measured data are stored in ASCII format and used for
further processing like analysis and plotting. The co-polar and cross-polar radiation
patterns in E-Plane and H-plane of the test antenna are obtained after the analysis
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of the stored patterns.
A.4.4 Antenna Gain Measurement
The gain transfer method using a standard gain antenna is employed to determine
the absolute gain of the AUT. The setup for the measurement of gain is the same as
that used for radiation pattern measurement. The AUT is kept inside the chamber
and connected to one of the Port of the Network Analyzer and the other port is
connected to the transmitting horn antenna. The relative power level is obtained
from the analyzer and this provides the gain with respect to the reference antenna.
The gain of the reference antenna is added to the relative gain to obtain the gain of
the AUT. The gain measurement method is based on Friis transmission formula as
given by equation (A.17) [91].
(Gt +Gr)dB = 20 log10
(
4πR
λ
)
+ 10 log10
(
Pr
Pt
)
(A.16)
where,
(Gt)dB= gain of the transmitting antenna (dB)
(Gr)dB= gain of the receiving antenna (dB)
Pr= received power (W)
Pt= transmitted power (W)
R= antenna separation (m)
λ= operating wavelength (m)
From the measured value of R, λ and Pr/Pt, the gain of the antenna has been calcu-
lated.
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